Klinisch microbiologisch onderzoek van Enterobacter sakazakii by Muytjens, H.L.






The following full text is a publisher's version.
 
 





Please be advised that this information was generated on 2017-12-06 and may be subject to
change.
KLINISCH MICROBIOLOGISCH ONDERZOEK 
VAN ENTEROBACTER SAKAZAKII 
H.L. MUYTJENS 

KLINISCH MICROBIOLOGISCH ONDERZOEK VAN ENTEROBACTER SAKAZAKII 

KLINISCH MICROBIOLOGISCH ONDERZOEK VAN ENTEROBACTER SAKAZAKII 
PROEFSCHRIFT 
ter verkrijging van de graad van 
Doctor in de Geneeskunde 
aan de Katholieke Universiteit te Nijmegen, 
op gezag van de Rector Magnificus 
Prof.Dr. B.M.F, van lersel 
volgens besluit van het College van Decanen 
in het openbaar te verdedigen 
op maandag 14 december 19Θ7 
des namiddags te 1.30 uur precies 
door 
HENRI LEONARD MUYTXNS 
geboren te 's-Hertogenbosch 
Promotor: P r o f . O r . G.C.J, van der Ploeg 
De vader omhelst zijn zoontje 
dat wat brabbelt. 
De moeder omhelst hen beiden. 
Zo liggen ze gedrieën 
op een smal bed 
en vormen een wereld op zich. 
Pêyanar 
Finally, it should be noted that very 
occasionally one may encounter an 
isolant of E. cloacae that produces 
a definite yellow pigment. The author 
and colleagues have received six or 
eight such cultures during the past 
15 years. Without exception these 
have proven to be typical strains of 
E. cloacae in every respect except 
for pigment production. 
Edwards and Ewing, 1972 
Aan: Coby 















Neonatal meningitis due to Enterobacter sakazakii. 7 
Analysis of eight cases of neonatal meningitis and 14 
sepsis due to Enterobacter sakazakii. 
Comparative vero cell invasiveness of eight Entero- 27 
bacter species. 
Enzymatic profiles of Enterobacter sakazakii and 32 
related species with special reference to the a-gluco-
sidase reaction and reproducibility of the test system. 
Chapter VI Usefulness of α-glucosidase activity, production of 42 
yellow pigmented colonies, and extracellular DNase to 
discriminate Enterobacter species. 
Chapter VII α-Glucosidase activity of gram-negative bacilli with 54 
special reference to the effect of different growth 
conditions. 
Chapter VIII Glycosidase acitivities of Enterobacter species after 6B 
growth on minerals modified glutamate agar. 
Chapter IX Comparative in vitro susceptibilities of eight Entero- B3 
bacter species with special reference to Enterobacter 
sakazakii. 
Chapter X Susceptibility to 3-lactam antibiotics in relation to 91 
the ß-lactamase production of Enterobacter sakazakii 
and seven other Enterobacter species. 
Chapter XI Neonatale meningitis: is de combinatie ampicilline- 101 
gentamicine achterhaald'' 
Chapter XII Microbiological quality of powdered breast-milk sub- 109 
stitutes with regard to the Enterobactenaceae. 
Samenvatting 117 
Dankwoord 123 
Curriculum vitae 125 
Riichi Sakazaki, MD and PhD. 
Date of birth: August 21, 1920 
Special guest researcher at National Institute of Health 
Part-time lecturer at Faculty of Medicine, Tokay University 
Membership: 
International Committee of Systematic Bacteriology (ICSB) 
ICSB Subcommittee on Taxonomy of Vibrionaceae (Chair) 
ICSB Subcommittee on Taxonomy of Enterobacteriaceae 
ICSB Subcommittee on Taxonomy of Campylobacter 
Expert Pannel of Enteric Infection of World Health Organization 
Groei van Enterobacter cloacaeQ inks) en Enterobacter sakazaki i 




De isolatie van Enterobacter sakazakii uit de liquor cerebrospinalis van twee 
pasgeborenen, die aan de gevolgen van een meningitis overleden, werd aanleiding 
een onderzoek naar de genoemde bactenesoort te starten. 
In taxonomische publicaties werden tot in het begin van de jaren zeventig in 
hoofdzaak biochemische en soms serologische eigenschappen van bacteriën gebruikt 
om soorten te onderscheiden. Sindsdien is de mate van overeenkomst tussen de 
deoxynbonucleinezuren van bacteriestammen een steeds belangrijker rol gaan 
spelen in de taxonomie. Op basis van de bevindingen met deze technieken is een 
toenemend aantal nieuwe soorten beschreven en zijn er diverse veranderingen in 
de indeling van de Enterobactenaceae aangebracht. Zo is het aantal Enterobacter 
soorten in ruim 12 jaar van 4 tot 10 gestegen, terwijl inmiddels nog een elfde 
soort (E. asbunae) beschreven is (5, B, 10, 15). 
Het geslacht Enterobacter omvat momenteel de volgende soorten: E. aerogenes, E. 
agglomerans, E. amnigenus, E. asbunae, E. cloacae, E. dissolvens, E. gerqoviae, 
E. intermedium, E. nimipressuralis, E. sakazakii, en E. taylorae. Naar verwach-
ting zal E. agglomerans die tenminste 13 DNA hybndisatiegroepen omvat in de 
toekomst in verschillende soorten gesplitst worden (4). 
De oudere literatuur over Enterobacter soorten is moeilijk te interpreteren 
omdat de nomenclatuur vele malen veranderd werd en niet altijd eenduidig is 
geweest. Zo was met name het begrip Aerobacter (later veranderd in Enterobacter) 
een bron van verwarring, zowel E. aerogenes als K. pneumoniae stammen zijn als 
Aerobacter aerogenes in de literatuur vermeld (Θ). Er kwamen ook soortnamen voor 
zoals Klebsiella cloacae, een op het eerste gezicht vreemde combinatie voor 
lezers die de huidige indeling gewend zijn (12), of weinig zeggende verzamelna­
men zoals Colobactrum (voor coli-achtige bacteriën, die lactose fermenteren) en 
Paracolobactrum of Paracolon Bacilli (voor coli-achtige bacteriën die lactose 
niet of laat fermenteren) (2). Een globaal overzicht van de huidige en vroegere 
soortnamen is in Tabel 1 te zien (6, B, 10, 16). 
Het is onzeker of de opmerking in Bergey's Manual of determinative bacteriology 
(1957) dat sommige met-gekapselde Aerobacter aerogenes Beijennck stammen een 
geel pigment kunnen produceren op E. sakazakii betrekking heeft omdat dit orga-
nisme i.t.t. Aerobacter aerogenes meestal bewegelijk (91%) en gekapseld {86%) 
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is. (2, eigen waarneming).In 1961 werd voor het eerst met zekerheid het voorko-
men van "geel gepigmenteerde E. cloacae" stammen beschreven door Urmenyi en 
White Franklin in St. Albans (Groot Brittanie). Het betrof twee pasgeborenen met 
meningitis (19). In 1965 werd over een soortgelijke verwekker bij een Deense 
pasgeborene in Odense bericht (14). Alle stammen werden op grond van hun pheno-
typische eigenschappen als E. cloacae geïdentificeerd (Θ). Ook Sakazaki vermeldt 
in 1974 dat sommige E. cloacae stammen een geel pigment kunnen vormen dat niet 
diffundeert (17). Het werk van Brenner uit 1972 en gepubliceerd in 1974 is dan 
waarschijnlijk nog met algemeen bekend: door DNA-DNA hybridisatie toonde deze 
aan dat de gele stammen minder dan 50% verwant waren met ongepigmenteerde E. 
cloacae isolaties, hetgeen op een verschil in soort wijst (3). Dit verschil werd 
later elders bevestigd (13). 
In juli 1980 werd Enterobacter sakazakii als nieuwe soort beschreven door John 
J. Farmer, III, Mary A. Asbury, Francis W. Hickman, Don J. Brenner en de Entero-
bactenaceae Study Group (9). 
In aprii 19Θ1 werd bij een tweeling die vanwege een slecht op de behandeling 
reagerende meningitis naar het Academisch Ziekenhuis Nijmegen werd overgebracht 
E. sakazakn als verwekker vastgesteld. (Hoofdstuk 2). 
Een aantal vragen drongen zich op: 
- Is E. sakazakn als verwekker van meningitis of sepsis een nieuw microorganis-
me of is het in het verleden niet herkend7 (Hoofdstuk 3). 
- Het API 20E systeem, een veel gebruikt identificatiesysteem voor Enterobacte-
naceae geeft frequent vals-positieve E. sakazakn uitslagen. Zo waren 10 van 
de 11 stammen die elders met dit systeem als E. sakazakn gedetermineerd waren 
en naar ons laboratorium gezonden werden in werkelijkheid sorbitol-negatieve 
E. cloacae isolaties. Aanvullende reacties zijn echter tijdrovend; vorming van 
gele kolonies: 2 dagen, tween 80-esterase reactie: 3-8 dagen, en de productie 
van DNAse: 7 dagen (1, 9 ) . Is een snellere identificatie mogelijk7 (Hoofdstuk 
5, 6, 7, 8). 
Bestaat er verschil in virulentie tussen E. sakazakn en andere Enterobacter 
soorten7 (Hoofdstuk 4) 
- Zou een andere therapeutische benadering met andere antibiotica een beter kli­
nisch resultaat geven7 (Hoofdstuk 9, 10, 11). 
- Wat is de besmettingsbron en besmettingsweg7 Speelt het geboortekanaal hierbij 
een rol7 Is besmetting te voorkomen7 In de hoofdstukken 2, 3, 12 wordt hierop 
nader ingegaan. 
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TABEL 1. Huidige en een aantal vroegere namen van enkele soorten 
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Deze naam komt bij meer dan één soort voor. 
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E. sakazakii E. taylorae H. alvei 
Yellow pigmented Enteric Group 19 Enterobacter hafniae 
Enterobacter cloacae Enterobacter aerogenes 
Prashechia flavescens20 subsp. hafniae 
K. pneumoniae S. liquefaciens 
Aerobacter aerogenes* Aerobacter С 
Klebsiella aerogenes Aerobacter liquefaciens 
Enterobacter liquefaciens 
Deze naam komt bij meer dan één soort voor. 
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ABSTRACT 
Two preterm newborns, a twin, developed Enterobacter sakazakii meningitis on the 
third and fourth day of life respectively. Both patients died despite intensive 
treatment for several days. E. sakazakii was isolated from cerebrospinal fluid 
of both patients on the fourth day after delivery. An Enterobacter strain with 
the same sensitivity pattern as the one isolated from cerebrospinal fluid was 
cultured from the interior surface of one of the incubators on the fifth day 
after delivery. 
INTRODUCTION 
Escherichia coli and Streptococcus agalactiae (group В streptococcus) are fre­
quent causes of meningitis in the newborn. Enterobacter is isolated rather in­
frequently. Some strains of Enterobacter cloacae, called Enterobacter sakazakii, 
can produce a non-diffusible yellow pigment. Four cases of neonatal meningitis 
(Urmenyi and White Franklin, 1961, Jdker et al. 1965, Adamson and Rogers 1981) 
and one case of bacteriaemia associated with E. sakazakii (Monroe and Tift 1979) 
have been reported. In this report two cases of E. sakazakii meningitis in a 
twin are described. 
CASE REPORT 
A twin pregnancy ended, after a gestation period of 32 weeks, in à spontaneous 
delivery of a boy and a girl. The birth weights were 1900 and 1670 grams respec-
tively. The maternal history revealed premature rupture of the membranes 6 days 
before delivery, in the absence of clinical and hematological signs of infec-
tious disease. Each of the children was nursed in an incubator (Isolette 7500). 
The girl's clinical course was uncomplicated until the third day of life, when a 
sudden deterioration occurred and the child became convulsive. The cerebrospinal 
fluid was cloudy and contained 5000 polynucleated cells/mm^. The diagnosis of 
meningitis was made, and i.v. treatment with (an unusually high dose of) ampi-
cillin (200 mg every 6 hours) and gentamicin (5 mg every 12 hours) was started 
after blood and cerebrospinal fluid cultures were obtained. Because of convul-
sions and respiratory depression the infant was referred to the neonatal inten-
sive care unit of the university hospital on the fourth day of life. On admis-
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Sion the child was very irritable, the fontanelle was bulging and apnea occurred 
with increasing frequency. Artificial ventilation was necessary. 
Treatment with ampicillin (75 mg every 4 hours) and gentamicin (4 mg every 12 
hours) was continued and the next day an exchange transfusion with fresh hepan-
nized blood was performed twice because of the absence of clinical improvement. 
Treatment with high doses of several anticonvulsive drugs failed to stop the 
seizures. Neurological deterioration continued. An EFG on the seventh day of 
life showed an isoelectncal pattern. The girl died the same day. At autopsy the 
brain showed extensive meningoencephalitis and proved to be softened to a large 
extent. 
Her brother became ill on the fourth day of life and showed the clinical picture 
of meningitis as wel. Th clinical course and treatment resembled that of his 
sister. Untreatable seizures occurred and artificial ventilation had to be star-
ted. Antibacterial treatment consisted of ampicillin and gentamicin. After ini-
tial slight improvement the boy died on the tenth day of life. At autopsy exten-
sive menmgo-encephalitis was found. Laboratory examination during the early 
phase of the illness revealed absence of bacterial growth in the aerobic and an-
aerobic blood cultures of both patients. No microorganisms were seen in the Gram 
stains of the sediment of cerebrospinal fluid samples, but E. sakazaku was iso-
lated in both cases on blood- and chocolate agar after 24 hours of incubation at 
36"C. The isolate was identified using API 20E system. Both strains showed the 
same biochemical pattern (table 1). Both isolates were sensitive to the antibio-
tics used. The minimal inhibiting as well as bactericidal concentration for am-
picillin and gentamicin were, respectively, 2 and< 0,125 mg/1 as determined in 
Mueller-Hinton broth using an inoculum of 10? colony forming units (c.f.u.) per 
ml (Barry 1976). The sensitivity spectrum of both strains, as determined by 
means of an agar dilution method using Mueller-Hinton agar and an inoculum of 
10^ c.f.u./spot (Barry 1976) showed no significant differences (table II). No 
Enterobacter could be cultured from ear, nose umbilicus, skin or anus of both 
infants on the day of delivery. Cultures of a cervical and vaginal swab and of 
the faeces of the mother, performed 4 weeks after delivery, revealed growth of 
coli-form bacilli, but not of E. sakazaku. However, an Enterobacter strain with 
the same sensitivity pattern as the two isolates from the cerebrospinal fluid 




In contrast to E. cloacae E. sakazakii can produce a yellow non-di ffusible pig-
ment at 25*C, does not ferment sorbitol, and is deoxynbonuclease-positive (Far-
mer et al. 1980). Neither of these properties are examined as a routine in most 
laboratories. It is likely, therefore, that these 'atypical E. cloacae' strains, 
even when present, may remain undetected. However, after the large scale intro-
duction of some commercial identification systems, which allow the recognition 
of this species because of the inclusion of sorbitol, only a few case reports 
have been published (Monroe and Tift 1979, Adams and Rogers 19B1), and we have 
found only one E. sakazakii among 54 Enterobacter strains, isolated from miscel-
laneous clinical samples, which were collected during the last year in our hos-
pital. Neither could this species be isolated from 54 faeces samples, selected 
at random in the clinical bacteriology department. 
In 5 of the 7 published patients with neonatal or post-neonatal infection (in-
cluding the twin, described in this report) it was suggestive or even very like-
ly that E. sakazakii had his origin in the environment of the patient rather 
than in the birth-canal of the mother (Urmenyi and White Franklin 1961, Adamson 
and Rogers 1981). The incubator was named or blamed in 4 of the 7 patients (Ur-
menyi and White Franklin 1971). So it might be that the environment is of more 
importance as a source of E. sakazakii than the bowel - or vaginal flora - of 
the mother during delivery. 
The clinical picture in the previously described infants was characterized by a 
sudden onset, the occurrence of respiratory insufficiency and, untreatable sei-
zures. One infant survived, but developed mental retardation and hydrocephalus 
as a result of cerebral abcess (Jpker et al. 1965). One infant, in which menin-
gitis occurred at the age of 5 weeks, recovered (Adamson and Rogers 1981). The 
other two infants (a twin) died within a few days after onset of the symptoms 
(Urmenyi and White Franklin 1961). Our patients died as well, despite the in vi-
tro sensitivity of the micro-organism to the antibiotics used. Probably, the le-
vels of both antibiotics in the cerebrospinal fluid did not exceed the minimal 
bactericidal concentrations sufficiently (Landesman et al. 1980). 
ACKNOWLEDGMENT 
We thank Dr.H.J.A. Sonderkamp, Stichting Pathologisch Laboratorium Venlo and 
Dr.P.M.A. Vio, Elisabeth Ziekenhuis Venray, for their help and Joke van der Ros-
van de Repe for excellent technical assistance. 
REFERENCES 
1. Adanson, D.H., J.R. Rogers (19Θ1) Enterobacter sakazakii meningitis with sep-
sis.Clin. Microbiol. Newsl. 3, 19. 
2. Barry, A.L. (1976) The antimicrobic susceptibility test: principles and prac­
tices. Lea and Febiger, Philadelphia, 92. 
3. Farmer, J.J., M.A. Asbury, F.W. Hickman, D.J. Brenner, the Enterobactenaceae 
Study Group (19B0) Enterobacter sakazakii; a new species of "Enterobactena­
ceae" isolated from clinical materials. Int.J.Syst.Bacteriol.30, 569. 
4. Jtfker, R.N., T. Ntfrholm, K.E. Siboni (1965) A case of neonatal meningitis 
caused by yellow Enterobacter. Danish Med.Bull. 12, 12Θ. 
5. Landesman, S.H., M.L. Corrado, C.C. Cherubin, M. Gombert, D. Cien (1980) 
Diffusion of a new beta-lactam (LY127935) into cerebrospinal fluid. Amer.J.­
Med. 69,92. 
6. Monroe, P.W., W.L. Tift (1979) Bactenaemia associated with Enterobacter 
sakazakii (yellow pigmented Enterobacter cloacae). J. Clin. Microbiol. 10, 
Θ50. 
7. Urmenyi, A.M., A. White Franklin (1961) Neonatal death from pigmented coli-
form infection. Lancet i, 313. 
- 12 -























yellow dry, adherent colonies 
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* isolates from the cerebrospinal fluid of the two patients; all reactions were 
read after 18-24 hours of incubation at 37*C except the deoxyribonuclease 
reaction, which was performed after 7 days. 
** mixture of amygdalin, esculin and cellobiose. 
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Table II: E. sakazakii; Minimal inhibiting concentration (mg/1) of antibiotics 







cefotaxime < 0,125 
cefoperazone 0,5-1 




ceftriaxone < 0,125 
ceforamde 2 
ceftizoxime < 0,125 
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ABSTRACT 
Eight cases of neonatal meningitis due to Enterobacter sakazakii (formerly known 
as yellow-pigmented Enterobacter cloacae) which occurred in The Netherlands 
during the last 6 years were investigated retrospectively. Two patients had 
necrotizing enterocolitis and meningitis simultaneously. Despite treatment (in 
most cases with ampicillin and gentaniicin), the fatality rate was 75%. Strains 
were much more susceptible to some of the new Q-lactam antibiotics than to ampi­
cillin. A mode of transmission other than passage through the birth canal was 
likely, at least for some patients. A cluster of four patient strains in one 
hospital had almost identical plasmid DNA profiles. However, two strains isola­
ted from formula at the same hospital 2 days after the onset of one case had 
different profiles, as did the strains from patients in other hospitals. 
INTRODUCTION 
The most common causes of bacterial meningitis during the neonatal period are 
Escherichia coli and beta-hemolytic group В streptococci (Streptococcus aqalac-
tiae), which together constitute 50 to 75% of the strains isolated at many medi­
cal centers. In the remaining cases, a wide spectrum of bacteria, including 
Enterobacter spp. and other members of the Enterobacteriaceae, have been isola­
ted. 
Enterobacter sakazakii was described in 1980 as a new member of the Enterobacte­
riaceae (3) and has been reported as a cause of neonatal meningitis (1, 3, 7, 8, 
11, 20). The natural habitat of E. sakazakii is unknown, but it has been isola­
ted from a number of hospital sources (3). Most of these reports describe single 
cases. Because pigment production, a distinguishing characteristic of E. sakaza­
kii, is greatly diminished at the usual incubation temperature of Зб'С, it seem­
ed likely that a number of E. sakazakii isolates were not recognized as atypical 
E. cloacae in the past. Therefore, we decided to reanalyze a number of Entero­
bacter strains isolated from cerebrospinal fluid (CSF) and blood to investigate 
more cases of E. sakazakii infection. 
MATERIALS AND METHODS 
A total of 20 Enterobacter strains isolated from CSF in The Netherlands during 
the last 6 years were reanalyzed. Most of the strains were in the bacterial 
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meningitis culture collection of the Laboratory of Hygiene, University of 
Ansterdam, to which most Dutch CSF isolates are referred. We also reanalyzed 25 
Enterobacter strains isolated from the blood of patients (all ages) in St. Rad­
boud Hospital during the last 2 years. Identification of all strains was redone 
in the Department of Medical Microbiology, St. Radboud Hospital. The strains 
were identified with the API 20E system and by observing DNase reactions (after 
2 and 7 days of incubation at 36*C) and growth on Trypticase soy agar at 25*C 
for 48 h to detect yellow pigment production (3). Identification of all E. 
sakazaku strains was confirmed at the Centers for Disease Control. Antimicro­
bial susceptibilities were tested by the Kirby-Bauer agar disk diffusion proce­
dure. Zone diameters were recorded. The minimal inhibitory concentrations (MIC) 
of some antibiotics were determined by an agar dilution technique described pre­
viously (12). The clinical data for patients in which E. sakazaku was identi­
fied were analyzed retrospectively. Biotyping (3) and determination of plasmid 
DNA (by agarose gel electrophoresis) (1Θ) to fingerprint the strains were done 
at the Centers for Disease Control. 
RESULTS 
CASE REPORTS 
Patient 2. A girl, small for gestational age (39 weeks, 2,400 g), was referred 
for confirmation and management of a meningomyelocele situated on the lower part 
of the sacrum, on day 3 of life. On admission, she had a temperature of 36.6*C 
and a leukocyte count of 10,300/mm', with 13% band neutrophils in the differen­
tial count. Other findings were normal except for jaundice (total bilirubin, 9.5 
mg/100 ml) and some grunting. During the next 12 h. her skin became yellow-grey 
and she grunted more often. Repeated examination showed a full anterior fonta­
nel. Her arms and legs were hypotonic. A lumbar puncture yielded cloudy CSF with 
a leukocyte count of 37,200/mm^, BQ% of which were neutrophils. No microorga­
nisms were seen when the CSF was Gram stained after centnfugation. Chloramphe­
nicol treatment (50 mg/kg every 24 h) was started. E. sakazaku was cultured 
from the blood and CSF. The next day, apnoeic and bradycardiac attacks occur­
red. She was intubated and mechanically ventilated. A repeated lumbar puncture 
yielded clear xanthochromic fluid with a leukocyte count of 4,900/mm3 , 95% of 
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which were neutrophils. No organisms were found by Gram staining or cultunng. 
Because of the discrepancy between the CSF findings and the deteriorating condi-
tion of the patient, a ventricular tap was done. Bloody pus was obtained. Gram-
negative rods were easily seen by Gram staining. E. sakazaku was cultured. 
Chloramphenicol was stopped and gentamicin was given both systemically (5 mg/kg 
every 24 h) and by direct administration into a lateral ventricle via a Rickham 
reservoir (5 mg every 24 h). Nevertheless, the condition of the patient conti-
nued to deteriorate, and she died the next day. At autopsy, the brain was very 
soft, swollen, and necrotic. E. sakazaku was cultured from the brain. An in-
flamed meningomyelocele was confirmed. 
Patient 6. A boy (2,085 g ) , one of twins, was delivered by cesarían section 
after 38 weeks of gestation. The infants were born within 45 min after the mem-
branes were ruptured artificially. Both were in good condition and orally fed. 
Cesarían section was chosen because of the abnormal breech presentation of the 
patient's brother (1,970 g ) , which had an uneventful development. On day 5 of 
life, the patient became ill. His skin became grey, and he showed abdominal dis-
tention with erythema of the umbilical region. No bowel sounds could be heard. 
The boy grunted. The anterior fontanel was tense. Sometimes the eyes had a 
"setting sun" appearance. Laboratory examination revealed leukopenia (1,500/mm') 
with 10% band neutrophils and thrombocytopenia (56,000/mm'). A radiograph of the 
abdomen showed free air and signs associated with ascites. The CSF was turbid 
and had a leukocyte count of 1,000/mm5, most of which were neutrophils. The pro-
tein concentration was 480 mg/100 ml, the glucose concentration in CSF was 68.4 
mg/100 ml, and the simultaneous blood glucose was 215.1 mg/100 ml. E. sakazaku 
was isolated from the blood and CSF. Gentamicin and chloramphenicol were star-
ted, and exchange transfusion was performed twice during the next 48 h. Despite 
these measures, apnoeic and bradycardiac attacks occurred during day 2 of ill-
ness, and artificial ventilation was required. A second radiograph of the abdo-
men showed intestinal pneumatosis intestinalis. The boy's condition deteriora-
ted, and progressive bradycardia occurred. The boy died the next day. At autop-
sy, meningoencephalitis, signs of disseminated intravascular coagulation, and 
necrotizing enterocolitis were verified. 
Patient 1. A boy (2,830 g) was born after 36 weeks of gestation. During the 
first postnatal examination, some grunting was noted. He reacted slowly to 
stimuli but was otherwise in good condition. His temperature rose to 38.2"C and 
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twitching was noticed during day 5 of life. The leukocyte count was S^OO/mm^, 
with IO" band neutrophils in the differential count. Blood and CSF mixed with 
blood were cultured. E. sakazakii was isolated from the bloody CSF only. Ampi­
cillin and kanamycin were started. E. sakazakii was also isolated from a second 
CSF sample taken some days later. The CSF had a leukocyte count of 3,300/mm5. 
The protein concentration was 223 mg/100 ml, and the glucose concentration was 
1.8 mg/100 ml. As the boy's temperature rose to 39"C, ampicillin and kanamycin 
were stopped and gentamicin was given for 15 days. The patient's temperature de­
clined to normal. After therapy, the leukocyte count in the CSF was 100/mm3) a nd 
the protein concentration was 420 mg/100 ml. No E^ sakazakii was isolated. The 
patient recovered. 
Five E. sakazakii strains were identified from among the 20 Enterobacter strains 
isolated from CSF. The other 15 Enterobacter strains were identified as E. cloa­
cae (13), E. aggiomeгans (1), and E. aerogenes (1). In the course of the study, 
three more cases were identified. Therefore, a total of eight cases of neonatal 
meningitis due to E. sakazakii were studied. Among the Enterobacter strains iso­
lated from the blood of patients with bacteremia, no E. sakazakii could be iden­
tified. 
The clinical profiles of the eight newborns are summarized in Table 1. There was 
a clear-cut geographical clustering in The Netherlands: Five of eight newborns 
were born and hospitalized in the same general hospital, in which about BOO 
deliveries a year are performed. The other three patients were born and nursed 
until the day 1 of illness in three hospitals in the same city in another part 
of the country. There was also some clustering in time: three of the five 
patients in the general hospital, including a twin, became ill within 3 months, 
and two of the patients in other hospitals became ill within 2 months. Freguent-
ly associated with the development of E. sakazakii meningitis were a birth 
weight of 2,500 g or less {Tb°í) and nursing in an incubator (88%). In 63% of the 
patients, bacteremia was demonstrated. Two patients had necrotizing enterocoli-
tis and meningitis simultaneously. The most frequent early signs were grunting 
(5/8); circulatory insufficiency (pallor, cyanosis or collapse) (5/8); feeding 
difficulties (4/8); neurological symptoms (convulsions, twitching or hypertonia 
(3/Θ); respiratory insufficiency (3/B) and pyrexia (3/8). Only in one of our 
patients a bulging fontanel was present. 
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No neck stiffness or head retraction was recorded . These early signs are simi­
lar to those of neonatal coliform meningitis (5, 21). 
Although all strains were inhibited in vitro by ampicillin, gentamicin, chloram­
phenicol, and kanamycin, as measured by an agar disk diffusion procedure, all 
but two of the infants died. The MICs of the newer Q-lactam antibiotics 
tested were extremely low, compared with the MIC of ampicillin (Table 2). Since 
five of the eight infants were nursed in the same hospital, environmental sam­
pling was done in the pediatric department of that hospital. E. sakazakii was 
isolated several times from prepared formula. The formula powder, as well as the 
water used in preparing the formula, were negative by cultunng. E. sakazakii 
was cultured from samples taken from a dish brush and a stirring spoon. No dif­
ferences in pigment production, morphology, biochemical reactions (biogroup), 
and susceptibilities to 21 antibiotics could be demonstrated between the isola­
tes from the environment and those from the CSF of all patients, except for one 
difference in biogroup (the isolate from patient 6 was of biogroup 2; all other 
isolates were of biogroup 1) (Table 3). Plasmid profiles indicated that three or 
four of the five isolates from the patients at the general hospital were proba­
bly the same strain. The plasmid profiles of the remaining patient and environ­
mental isolates were different, indicating that these environmental strains did 
not cause the infections. 
DISCUSSION 
The incidence of neonatal meningitis is many times higher in newborns of low 
birth weight. Of the eight newborns in the present study, six had birth weights 
of less than 2,500 g. It may be significant that one of the two patients who 
survived had the highest birth weight (2,830 g). In another study, 11 of 12 
babies with meningitis due to E. cloacae died (15). All but one were premature. 
Their progress in the first few days of life was normal, as was true for the E. 
sakazakii patients. The first signs of sepsis appeared suddenly between days 4 
and θ of life. After the first signs appeared, death occurred within a few hours 
to several days. Eight of the patients showed a distinctive form of hemorrhagic 
encephalitis. 
Although the short symptom-free period is in accordance with the view that the 
source of the infection is the birth canal, two patients in our study were deli-
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vered by cesarían section and thus did not have intensive contact with the birth 
canal, which suggests another source. When the membranes are ruptured, the clock 
of infection starts to tick, as is illustrated by the observation that in one 
study, 94% of the newborns were infected with herpes from maternal genitals when 
cesarían section was done more than 4 h after membrane rupture, but only Tï were 
infected when cesarían section was performed within 4 h (13). An ascending in-
fection was unlikely in the two patients delivered by cesarían section: patient 
6 was born within 45 min after rupture of the membranes, and the membranes were 
not ruptured before case no. 7 was delivered (a diagnosis of placenta previa was 
made by echoscopy). Urmenyi and White-Ггапкііп described another patient, second 
(2000 g) of twin, which was born by cesarían section, done as an emergency, 
after haemorrhage owing to placenta previa (20). It should be noted that the 
twin of this patient made good progress, despite a much lower birth weight 
(1,200 g). It is not known if E. sakazaku can form part of the vaginal flora. 
Cervical, vaginal, and fecal samples from the mother of patients 3 and 4 were 
obtained and cultured 4 weeks after delivery; coliform bacilli grew, but not E. 
sakazaku (11). Patients 3 and 4 were not colonized either: E. sakazaku was not 
cultured from samples from the skin, nose, external ear, umbilicus, or anus on 
the day of delivery. Cultures of samples from the nose, external ear, gastric 
aspirate, and umbilicus were negative for E. sakazaku on the day of delivery 
for patient 6 and on the day after delivery for patient 7. 
Urmenyi and White-Franklin suggested that the two patients they studied died of 
aerosol infection because the patients were nursed in the same incubator and 
postmortem cultures of the bronchi of both patients were positive (20). In 
another report, a positive culture from a sample taken from an inner edge of an 
incubator was obtained; however, this could have been secondary to the infected 
patient (11). E. cloacae was repeatedly cultured from samples taken from incuba-
tors used in the nursery involved in the E. cloacae meningitis outbreak that 
affected 12 babies (15). No new cases were detected since a technique for 
exhaustively cleaning the incubators was instituted in this nursery. In our 
study, the isolations of E. sakazaku from the dish brush, stirring spoon, and 
prepared formula suggested a mode of transmission. However, because the plasmid 
DNA profiles were different (Table 3), the source and mode of transmission 
remain unknown. The profiles of strains isolated from patient 2 through 5 might 
point to an epidemiological relationship (transmission or common source) or a 
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local prevalence of the strain. The dissimilar profiles of strains from patients 
1 and 6 through 8 reflect the geographical and temporal variations in isolation. 
The plasmid profiles of strains from patients 2 through 5 are interesting: 
patients 3 through 5 were infected within 3 months of one another and thus are 
closely related in both time and location. Each of the three strains from these 
patients contained two plasmids, 70 and 37 megadaltons (Table 3). The strain 
from patient 2 had a similar but not identical profile. It contained a 70-mega-
dalton plasmid, but its second plasmid was 39 megadaltons, rather than 37. This 
strain was isolated 2 years before the strains from patient 3 through 5 were. It 
is interesting to speculate on what happened. One explanation is that 
in April 1979, the strain existed with the 70- and 39-megadalton plasmids, but 
over a 2-year period, one of the plasmids evolved by losing a transposable DNA 
element of about 2 megadaltons (2). This explanation postulates a continuous 
reservoir for the evolving strain for at least 2 years or a local prevalence. 
The other explanation is that the cluster of cases in 19Θ1 was caused by a dif­
ferent strain whose plasmid profile resembled that of the strain isolated in 
1979 by chance alone. We favor the first explanation. 
Patients 6 and 7 are remarkable because both developed necrotizing enterocolitis 
and bacteremia, as well as meningitis, at the same time. The cause of neonatal 
enterocolitis is unknown (9). Patient 6 showed erythema of the umbilical region, 
so the umbilicus could have been the port of entry, as has been suggested by 
Kliegman et al. (9). However, patient 7 had no omphalitis or other infection 
from which the bacteria could have been seeded into the bloodstream. This is in 
agreement with most published reports of neonatal necrotizing enterocolitis. 
Because oral gentamicin therapy is effective in the prevention of this disease 
(4), the bacterial flora of the intestinal tract may play a role in its etiolo­
gy. It is interesting that a causal relationship between E. cloacae and an epi­
demic of necrotizing enterocolitis in a neonatal intensive-care unit was sugges­
ted, as pure E. cloacae stool cultures were obtained either before necrotizing 
enterocolitis developed or early in the course of the disease. The same biotype 
was also recovered from the blood of some patients (14). Although no feces were 
examined for the presence of E. sakazaku, it is possible that in patient 7, the 
origin was the intestinal tract and the bacteria reached the meninges via the 
bloodstream. There is only one study in which stool from an infant with E. saka­
zaku meningitis was cultured, and the culture was negative for E. sakazaku (7). 
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E. sakazakii is typically associated with neonatal meningitis: of 13 patients 
with meningitis due to E. sakazakii, 11 were 10 days old or less (1, 7, Θ, 20). 
E. sakazakii bacteremia without meningitis seems to be uncommon: two such 
patients have been described (6, 10), but we identified no E. sakazakii isolates 
among Enterobacter strains isolated from the blood of 25 children and adults 
with bacteremia. No clinically significant isolations of E. sakazakii in mate­
rials other than CSF or blood are known to us. 
Newborns with meningitis due to E. sakazakii have a poor prognosis. The fatality 
rate in the present study was lyí; previous studies have reported 400ó (1, 7, θ, 
20). 
Taking this poor prognosis into account, one might consider treatment with one 
of the newer 3-lactam antibiotics, such as moxalactam (latamoxef, World Health 
Organization-approved generic name) or cefotaxime, as a first choice instead of 
the usual ampicillin-gentamicin combination. The MIC of the 0-lactam drugs were 
much lower than that of ampicillin for the strains tested (Table 2). Clinical 
experience in moxalactam treatment of neonatal meningitis due to coli form bacte­
ria is encouraging (17; D.A. Olson, Clin. Res. 29:92A, 1981; J.K. Todd, Program 
Abstr. Int. Congr. Chemother. 12th, Florence, Italy, abstr. no. 229, p. 95, 
1981). If no clinical improvement is observed, a ventricular tap to exclude the 
possibility of persisting ventriculitis is indicated. When ventriculitis is 
demonstrated, intraventricular treatment with gentamicin or amikacin can be con­
sidered as a last resort (16, 19, 22). Environmental sampling (including milk 
and incubator), as well as cultunng of samples from patients and mothers (espe­
cially stool and vagina), could be of value to elucidate the pathogenesis of 
this intriguing disease and, possibly, prevent further cases. 
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MBLE 1. Clinical data for patients with E. sakazaku meningitis 
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 Normal gestational age it bi-th, A0 weeks 
Ь Number in parentheses indicates days of therapy 
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 Patient had hydrocephalus and severe physical ind mental retardation; he died of a malfuriLtion of the Spitz-Holter drain after 
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^ Gentamicin was administered intravenously and intraventncularly 
e
 Twin of patient 4 
f 6d, Membnnps ruptured ή days before delivery 
Q Twin of patient 3 
h
 Patient had hydrocephalus and died of aspiration pneumonia after 16 months. 
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TABLE 2. Antimicrobial susceptibilities of E. sakazakii strains isolated from 
patients 1 through В 
Antibiotic 
No. of strains susceptible to MIC (mg/liter) of: 














2 5 1 
6 1 1 
4 3 1 
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TABLE 3. Plasmid DNA profiles of E. sakazakii strains 
Plasmid size(s) 
Source Hospital (Mdal)a 
Patient 1 A 34 
Patient 2 A 70, 39 
Patient 3 A 70, 37 
Patient 4 A 70, 37 
Patient 5 A 70, 37 
Patient 6 В and D 98 
Patient 7 С and D 100, 24 
Patient θ E 98, 40 
Prepared formula 1 b A 98, 40, 6.8 
Prepared formula 2 A 98, 40, 6.8 
Prepared formula 3 A 98, 40, 6.8 
Dish brush0 A 61, 34 
a
 Mdal, Megadalton 
b Formula samples 1 and 2 were cultured on day 2 of the illness of patient 5, 
and sample 3 was cultured 3 months later 
c
 Cultured 2 weeks after formula sample 3 was cultured 
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Clinically significant as well as non-significant isolates, belonging to eight 
Enterobacter species were tested for their ability to invade Vero cells by 
viable counts of total intracellular bacteria. The bacterial count of none of 
the strains was higher than one tenth of the count of a Salmonella typhimunum 
control organism. 
INTRODUCTION 
Although there are eleven Enterobacter species now recognized, only five spe-
cies, E. sakazaku, E. cloacae, E. aerogenes, E. gergoviae and E. agglomerans, 
have been associated with serious human infections (2). Virulence factors, in-
cluding adherence, cell invasion and the production of toxins can be important 
steps in the pathogenesis of infection by different bacterial species and 
strains (1). 
In this study the cell invasiveness of isolates belonging to eight Enterobacter 
species was compared. The organisms tested included strains associated with 
infection as well as isolates without clinical significance or cultured from the 
environment. E. sakazaku strains were obtained from J.J. Farmer, III, Centers 
for Disease Control, Atlanta, Ga. and E. Aldová, Institute of Hygiene and Epide-
miology, Prague, Czechoslovakia or were part of our collection. E. amnigenus, 
E. gergoviae, E. intermedium and E. taylorae strains were obtained from C M . 
O'Hara, Centers for Disease Control. The other isolates, including a Salmonella 
typhimunum strain, which was used as an invasive control organism in all expe-
riments, were clinical isolates, with the exception of two E. agglomerans 
strains, which were cultured from milk powder. Environmental sources were as 
follows: hospital bed (E. sakazaku), water (E. amnigenus), cosmetic cream and 
floor (E. gergoviae), and water and soil (E. intermedium). 
Strains were frozen directly after isolation or receipt from elswhere in 15í pro-
teose peptone (Difco) containing 8% glycerin at -70*C. 
The invasiveness of yellow and non-pigmented colonies of one E. sakazaku strain 
cultured from urine and rough and smooth colonies of two other E. sakazaku iso-
lates, both isolated from CSE were compared in the same experiment. Identifica-
tion was performed as described elswhere (4). The number and sources of the iso-
lates are shown in Table 1. 
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The invasion tests were essentially performed as described by Peerbooms et al 
(5). 
In short: the Vero cells were washed twice with Hanks balanced salt solution 
which contained 10 mM HEPES buffer (HH-solution). The strain to be tested was 
grown overnight in nutrient broth. This culture was diluted 1:200 in a medium 
containing 20 mM HEPES and composed of Hanks solution (9Ώ°ί, vol/vol) and tissue 
culture medium M199 (10Й, vol/vol). One milliliter was added to each of three 
wells of a microtitre plate. Bacterial concentrations were determined after 
incubation for 2 h at 37*C by plating a suitable dilution of the supernatant 
onto nutrient agar. After removal of the medium, the cells were washed with HH 
solution. Eagles minimal essential medium containing 25 mM HEPES, 31» fetal bovi­
ne serum and 50 pg/ml gentanicin, was added to kill extracellular bacteria (3). 
After incubation for 1.5 h at 37*C the wells were washed three times with HH 
solution. An agar diffusion method with a lower limit of 0.015 pg/ml gentamicin 
was used to confirm the absence of inhibiting concentrations above this level 
after washing. The cells were lysed by adding 1 ml of lysis solution, containing 
0.01 M NaH2P04, Tween 20, 1% (vol/vol); trypsin 1:250, 0.025% (wt/vol) per well 
and incubated during 30 m m at 37*C. Bacterial counts were determined after this 
incubation. The invasion test was first performed with each strain to obtain 
intracellular passed organisms which were kept frozen at -70*0 until they were 
used in the proper experiments. 
Growth on sheep blood agar was examined for ß-hemolysis after 2 days of incuba-
tion at 37"C. 
RESULTS 
Table 1 shows the invasion of the cells by the strains tested expressed as geo-
metric mean of the number of intracellular bacteria χ 100 per cell (invasion 
index). No difference was observed between the invasion index of yellow and 
non-pigmented colonies of the same E. sakazakii isolate, or between the index of 
the corresponding smooth and rough colonies of two E. sakazakii strains. The 
range of the invasion index was 0.0-17.5. There were 4 strains with an invasion 
index higher than 10. The species and sources of these isolates were: E. cloacae 
and E. gergoviae, urine (urinary tract infection); E. aeroqenes, blood, and E. 
ammqenus, wound (scalp exudate). In contrast to the highest invasion index 
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(17.5) of Enterobacter the value of Salmonella typhimurium which was used as an 
invasive control organism was ten times higher (173). A correlation between the 
Q-hemolytic activity and the invasive ability for Proteus mirabilis has been 
described (5). The only Q-hemolytic Enterobacter tested (E. sakazakii isolate 
from blood) had an invasive index of only 0.2. No relation was found between 
invasive behaviour in vitro and the sources from which the strains were isola-
ted, with a possible exception of Enterobacter isolates cultured from 
urine, which showed a relative high invasion index (3.4-17.5). The ability to 
invade cells by itself does not seem to be very important in the pathogenesis of 
infection by Enterobacter species. 
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TABLE 1: Invasion of Vero cells by Enterobacter strains» expressed as the bacterial count χ 100 per cell (invasion index) 
Source E.sakazaloi E. clodcae E.aeroqenes E.aqqlomerans E.amniqenus F.gerqoviae E.intermedium L.taylorae 
CSFa 1.J-2.8(4)b 0.1-2.1(5) 0.2 0.6-1.9 2.6 
Blood 0.2 0.5-12(4) 0.1-0.9 0.1-1.5(3) 1.1-3.3(3) 
Oropharynx 0.1 5.2 
Spututi 2.7 6.3 0.1-1.6(4) 0.5 1.4-5.5 
Digestive tract 4.В 1.4 0.1-0.2 2.5 2.0 
Urine 3.4 17.5 4.2-10.8 
Wound 2.0 11 0.3 1.5-2.4 
Skin 0-2 0.3-0.3 0.5 
Milk 0.8 0.0-3.7 
Environment 0.4 0.0-1.4(5) 4.4-6.3 0.0-0.7(3) 
Unknown 0.0-2.7(3) 
a
 Cerebrospinal fluid 
b Range of the invasion index and number of strainSi if more than two, in parentheses 
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ABSTRACT 
The enzymatic profiles of Enterobacter sakazakii, Enterobacter cloacae, Entero­
bacter aeroqenes, and Enterobacter aqqlomerans were determined with the API ZYM 
system (API system S.A., La Balme Les Grottes, France). Each assay was performed 
three times. A simple formula was derived and applied to assess the reproducibi­
lity of the API ZYM tests. In addition, a separate a -glucosidase test was per­
formed. All E. sakazakii isolates produced a-glucosidase, in contrast to the 
other Enterobacter isolates. No Phosphoamidase activity was detected in any of 
the E. sakazakii isolates, whereas it was present in 72% of E. cloacae, 89?ί of 
E. aqqlomerans, and 100% of E. aeroqenes isolates. It was concluded that detec­
tion of α-glucosidase permits rapid and reliable differentiation between E. 
sakazakii and other Enterobacter species. The reproducibilities of a-glucosidase 
and Phosphoamidase reactions were estimated to be 89 and 81X, respectively. 
INTRODUCTION 
Enterobacter sakazakii (previously known as yellow-pigmented Enterobacter cloa­
cae) was described as a new bacterial species in 1980 (3). This microorganism 
can cause neonatal meningitis (1, 3, 6, 7, 9-11) and has also been associated 
with bacteremia (5, B). In addition, it can be found as a colonizer in sputum, 
feces, and wounds (3). A number of properties of E. sakazakii have already been 
described (2, 3). Only a few of these can be used to distinguish E. sakazakii 
from E. cloacae: the production of yellow-pigmented colonies on Trypticase (BBL 
Microbiology Systems, Cockeysville, Md.) soy agar at 25*С after 48 h and of 
extracellular DNase on toluidine blue agar at 36*C after 7 days and the failure 
to ferment either sorbitol or mucate at 36*C after 24 h. An additional distin­
guishing characteristic is the Tween ΘΟ-esterase reaction, which is positive in 
97.350 of isolates after 3 to 8 days (2). As none of these tests is very rapid, 
we decided to evaluate an identification system based on microbial enzyme pro­
files (API ZYM system; API System S.A., La Balme Les Grottes, France). Only a 
short incubation time (4 h) is needed, as the enzymes are already present in the 
bacteria. In addition, a separate a-glucosidase test was performed. 
MATERIALS AND METHODS 
Bacterial Strains. A total of 226 Enterobacter strains were used in the study. 
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Of these, 129 were E. sakazakii strains, 113 of which were obtained from J.J. 
Farmer III, Enteric Bacteriology Section, Centers for Disease Control, Atlanta, 
Ga., and have been described elsewhere (3). The other 16 E. sakazakii strains, 
most of which have also been described before (10), were obtained from H.C. 
Zanen, Laboratory of Hygiene, University of Amsterdam, Amsterdam. The Nether­
lands, and Herman J. Sonderkamp, Stichting Pathologisch Laboratorium, Venlo, The 
Netherlands, or formed part of the collection of the Department of Medical 
Microbiology, Sint Radboud University Hospital, Nijmegen, The Netherlands. In 
addition, 60 E. cloacae, 19 E. aerogenes, and 18 E. agglomerans strains were 
tested. These strains were cultured from patients hospitalized at the Sint Rad­
boud University Hospital and were identified with the API 20E system (Analytab 
Products, Plainview, N.Y.). In addition, one E. gergoviae strain and one E. 
amniqenus biogroup 1 strain were tested, both of which were identified at the 
Centers for Disease Control. All strains were stored on slants of heart infusion 
agar at room temperature in the dark. Bacteria were grown on Mueller-Hinton agar 
(BBL Microbiology Systems) for 24 h at 36*С. Each strain was then suspended in 
sterile distilled water. All suspensions were first adjusted to a McFarland no. 
2 standard and after that concentrated to a turbidity between no. 5 and no. 6 
standards. 
Enzyme profiles. Enzyme assays were performed with the API ZYM system. Each 
plastic strip contains 20 cupules; 19 contain substrates and buffer, and 1 con­
tains only buffer and acts as a negative control. The strip assays for alkaline 
phosphatase, butyrate esterase, caprylate esterase-lipase, myristate lipase, 
leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, chymo-
trypsin, acid phosphatase, Phosphoamidase, oí-galactosidase, ß-galactosidase, 
ß-glucuronidase, α -glucosidase, Q-glucosidase, N-acetyl-ß-glucosaminidase, 
α-mannosidase, and o-fucosidase. Each cupule of the strip was inoculated with 65 
μΐ of the standardized bacterial suspension. After aerobic incubation in the 
dark at 36'C For 4 h, 1 drop each of reagent A (250 g of Tris, 110 ml of 37% 
HCl, 100 g of laurylsulfate, and distilled water to 1 liter) and reagent В (3.5 
g of Fast Blue BB and 2-methoxyethanol to 1 liter) was added to each cupule. 
After 5 min, the strip was placed in daylight for a few minutes. The presence 
and degree of enzymatic activity were scored as color intensities 0, 1, 2, 3, 4, 
and 5, in accordance with the color comparison chart of the manufacturer. A 
limited number of strains (six strains of E. sakazakii (including a mucoid one) 
and four 
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strains of each of the other Enterobacter species) were tested before and after 
ultrasonic treatment. The enzyme profile after ultrasonification was determined 
only once. 
tt-Glucosidase assay. A suspension adjusted to a turbidity between McFarland no. 
5 and no. 6 standards was prepared from each strain in saline. A 0.25-ml amount 
of the suspension was added to each of two tubes. One tube contained a tablet of 
300 pg p-mtrophenyl-a-D-glucoside in 0.05 M phosphate buffer (pH 8.0) (Rosco 
Diagnostica, Taastrup, Denmark). The other tube served as a control of color. 
This tube was included because E. sakazaku is able to produce a yellow pig­
ment. After the closed tubes were agitated vigorously for a few seconds, they 
were incubated at 36'C for 4 h. A yellow color in the supernatant, caused by 
released nitrophenol, indicated the presence of a-glucosidase. 
Reproducibility of the enzyme test system. Each assay was performed three times 
on separate days and read (color intensities 0, 1, 2, 3, 4, and 5) by the same 
observer, who was unaware of the previous results. To assess the reproducibility 
of each of the 19 enzyme reactions, we made three assumptions: if the same re­
sult was obtained three times, then this result was correct; if the same reac­
tion was observed two times, then either this observation or the other observa­
tion was correct; and if three different results were obtained, one was correct. 
Under these assumptions the probability (P) that the result of one test chosen 
at random is correct is as follows: 
Ρ = w
a





, w^» and w
c
 are the relative frequencies of test triples with, respec­
tively, three consistent, two consistent, and three different results and P^ is 
the part of the results which is correct in test triples with two consistent 
results. Again, with Ρ being the probability of obtaining a correct result in 
one test, Pt, can be estimated by using the conditional binomial distribution. 
The unconditional probabilities of exactly one and two correct results are cal­
culated as Pi = 3P(1 - P ) 2 and P2 = 3P2(1 - P)i respectively. Therefore, the 
conditional probability of two correct results in a 2/1 test triple can be esti­
mated by P2/(Pi + P2)» which equals P. It follows immediately that the number of 
correct results in test triples with two consistent results is calculated as 
b + (1 - Р)пь, where njj is the number of these test triples. Hence, the part 
(Pb) of the results which is correct in test triples with two consistent results 
is estimated as follows: 
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P b = [2Pnb + (1 - P)nb]/3nb = 1/3(1 + P) (2) 
Substitution of P b in formula 1 by formula 2 and solving for Ρ results in the 
following expression for P: 
Ρ =[ w
a
 + 1/3(wb + wc)]/(1 - 1/3wb) (3) 
When w
a
, w b, and w c are determined, Ρ can be calculated. This value can be 
interpreted as the approximate probability of obtaining a correct test result 
under the assumptions stated above. 
RESULTS 
Enzyme profiles. Mynstate lipase, valine arylamidase, cystine arylamidase, 
trypsin, chymotrypsin, Q-glucuromdase, α -mannosidase, and a. -fucosidase activi­
ties were practically absent in all strains. The results obtained for the remai­
ning 11 tests are shown in Table 1. The presence and degree of enzymatic activi­
ty are summarized as a moderate positive reaction (+; color intensity 1 or 2) or 
a strong positive reaction (++; color intensity 3 to 5), in accordance with the 
chart. To assess the reproducibility of each of the 19 enzyme reactions with 
color intensities 0, 1, 2, 3, 4, and 5, we used formula 3. The approximate pro­
bability that the result of one test, chosen at random, is correct, is shown in 
Table 2. 
Differences in intensity were observed between the various Enterobacter 
species. Although most strains possessed alkaline phosphatase, only E. aerogenes 
strains showed strong positive reactions. In contrast was the observation that 
although a majority of E. sakazaku, E. cloacae, and E. agglomerans strains pro­
duced a strong positive O-galactosidase reaction, most of the E. aerogenes reac­
tions were only moderately positive. E. sakazaku was usually associated with a 
strong caprylate esterase-lipase reaction (the other species were only moderate­
ly positive); in contrast, only a moderate acid phosphatase activity was ex­
pressed by a majority of the E. sakazaku strains, whereas the other species 
were strongly positive. The absence or presence of an enzyme is perhaps of more 
importance than the intensity of the reaction; all E. sakazaku strains produced 
a-glucosidase, but in no other Enterobacter strain could this enzyme be found. 
No Phosphoamidase activity was detected in any of the E. sakazaku strains, 
whereas this enzyme was present in 72% of E. cloacae, 89% of E. agglomerans, and 
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100% of E. aeroqenes strains. The reproducibilities of the α-glucosidase and 
Phosphoamidase reactions were estimated to be 89 and 815Ó, respectively (Table 2) 
Ultrasoni fication. A different enzyme profile was observed after ultrasonic 
treatment: leucine arylamidase and Q-galactosidase reactions, which were positi-
ve in nearly all Enterobacter strains, became negative after ultrasonification. 
There was also a total loss of ß-glucosidase activity in the G-glucosidase-posi-
tive strains (two E. sakazakii, two E. aerogenes, and two E. agglomerans). 
a-Glucosidase, acid phosphatase, and N-acetyl-6-glucosaminidase reactions became 
negative in some of the E. sakazakii strains. Phosphoamidase activity remained 
detectable in the E. aerogenes strains but was lost in most E. cloacae and E. 
agglomerans strains. 
a-Glucosidase assay. a-Glucosidase activity was demonstrated in all E. sakazakii 
strains but in no other Enterobacter strain. The inclusion of a control tube 
without substrate in this test is not necessary, because no pigment was detected 
in any of the suspensions. The E. amniqenus strain was phophoamidase positive 
(+) but a-glucosidase negative, whereas neither enzyme was demonstrated in the 
E. qerqoviae strain. 
DISCUSSION 
It is possible to use a heavy inoculum of microorganisms instead of growing 
organisms to detect specific enzymes. The activity of enzymes is demonstrated 
much faster with a heavy inoculum (in 4 h) than with methods based on growing 
bacteria, which require an incubation period of 24 h or more. Methods based on 
direct detection of enzymes have a value as separate tests, because primarily 
only constitutive enzymes are measured and interference by other reactions is 
minimized. This can be illustrated with the a -glucosidase enzyme, which can 
hydrolyze a number of o-D-glucopyranosides, including sucrose and maltose. 
Although both E. sakazakii and E. cloacae tested in the usual way are able to 
ferment these disaccharides, the effect of a-glucosidase was only demonstrated 
in E. sakazakii. Mention has been made of a total loss of leucine arylamidase 
and occasionally diminished activity of other enzymes after ultrasonic treatment 
of a limited number of gram-negative strains, including one E. cloacae strain 
(4). The same observation was made in this study, but there was a total loss of 
ß-glucosidase activity in the G-glucosidase-positive strains, too. 
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Relatively little attention has been paid to the reproducibility of the API ZYM 
tests; figures for the statistical validity of the test results are not availa­
ble. If it can be assumed that at least one test obtained in a test triple is 
correct, formula 3 can be used to describe the reproducibility of the system. If 
the probability of obtaining an incorrect test result in one test (color inten­
sity) is too large, formula 3 needs some modification. This may occur in situa­
tions in which Ρ is smaller than, for example, 7Q5á (Table 2). Of course, one 
could always merge the adjacent color intensities to meet the required condition 
more satisfactorily. However, merging codes 0 and 1 in the a-glucosidase reac-
tion would mask the discriminative value of this test with respect to the detec-
tion of E. sakazakn. A more general and sophisticated statistical examination 
of the reproducibility of the API ZYM tests is needed;however the reproducibili-
ty study presented here seems adequate for the present purpose. Clearly, the 
reproducibility of the leucine arylamidase test is very poor (Table 2). This 
enzyme, however, was not important in differentiating between E. sakazaku and 
other Enterobacter species because it was demonstrated in all Enterobacter 
strains. 
Two major differences between E. sakazaku and the other Enterobacter species 
are the presence of α-glucosidase and the absence of Phosphoamidase in E. saka­
zaku. The o-glucosidase reaction is the most important. In fact, it is possible 
to use the a-glucosidase reaction as a single, simple, and rapid test to dis­
tinguish E. sakazaku from other Enterobacter species. 
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TABLE 1. Enzymatic profiles of Enterobacter spp. as determined by the API ZYM 
system 
% of strains producing indicated enzyme 
Enzyme Reac- E.sakazakii E.cloacae E.aerogenes E.agglomerans 
tion (n =129) (n = 60) (n = 19) (n = 1Θ) 
Alkaline phosphatase + 100 90 11 72 
++ 0 7 89 28 
Butyrate esterase + 94 63 89 72 
++ 6 0 0 11 
Caprylate esterase- + 9 100 95 100 
lipase ++ 91 0 0 0 
Leucine arylamidase + 90 73 26 44 
++ 10 27 74 56 
Acid phosphatase + 72 7 0 0 
++ 28 93 100 100 
Phosphoamidase + 0 70 95 61 
+ + 0 2 5 28 
o-Galactosidase + 25 20 5 61 
++ 5 0 0 0 
ß-Galactosidase + 3 7 7 84 11 
++ 63 92 16 83 
a-Glucos idase + 1 0 0 0 0 0 
++ 0 0 0 0 
0-Glucosidase + 8 3 15 58 50 
++ 1 0 0 0 
N-Ace ty l -0 - + 79 40 68 33 
glucosaminidase + + 0 0 0 0 
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 wb> wc a r e the relative frequencies (percentages) in test triples of, 
respectively, three consistent, two consistent, and three different results; Ρ 
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Enterobacter strains belonging to 11 species and cultured on Mueller-Hinton agar 
(BBL) during 18-24 hours at 37*C were tested for o -glucosidase activity, the 
production of yellow colonies on Trypticase soy agar and nutrient agar (2 d 
25*C), and the production of extracellular DNase on toluidine blue agar (B d 
36*C). A chromogenic (p-mtrophenyl-α -D-glucopyranoside) or fluorogenic 
(4-methylumbelliferyl-oi-D-glucoside) substrate was used to demonstrate a -gluco­
sidase activity. The substrate was prepared as tablets, discs or incorporated 
into agar or filter paper. E. sakazakii and a majority of E. intermedium strains 
showed a positive reaction after 4 hours. Nearly all other Enterobacter isolates 
were negative. The mean color reaction of most species became more intense if it 
was read after a longer time. 
The application of a disc containing the substrate to the overnight growth of a 
disk diffusion susceptibility test on Mueller-Hinton agar is a simple way to 
recognize E. sakazakii among human clinical Enterobacter isolates after 4 
hours. About 95'o of E. sakazakii strains showed yellow colonies on Trypticase 
soy agar or nutrient agar after 2 days at 25*C. Sometimes one or more subcultu­
res were necessary to see the pigment of stock cultures. DNase activity could be 
demonstrated in all E. sakazakii strains after 6 days, but was absent in nearly 
all other Enterobacter isolates. 
The demonstration of preformed a-glucosidase (maltase) has been described as a 
simple and rapid test to distinguish E. sakazakii from E. cloacae, E. aerogenes 
and E. aqqlomerans (4). Because information about the presence of this enzyme in 
E. ammqenus, E. asbunae, E. dissolvens, E. gergoviae, E. intermedium, E. nimi-
pressuralis, and E. taylorae is lacking, we tested the α-glucosidase activity of 
all Enterobacter species in several ways in order to evaluate the usefulness of 
the reaction to discriminate these species. A chromogenic substrate, prepared as 
tablets, or incorporated into agar or filter paper was used as well as a fluoro-
genie substrate incorporated into filter paper, to demonstrate the enzyme acti­
vity. Because some of our E. sakazakii strains did not produce yellow colonies 
which is a hallmark of this species (formely known as yellow-pigmented E. cloa­
cae) all our Enterobacter strains were tested for pigment production. A delayed 
positive DNase reaction can be used to differentiate E. sakazakii from E. aero-
genes, E. agglomerans, E. cloacae, and E. gergoviae (2). We also tested the 
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delayed DNase reactions of E. amniqenus, E. asbunae, E. dissolvens, E. interme-
dium, E. nimipressuralis, and E. taylorae. 
MATERIALS AND METHODS 
Bactenals strains. The species and number of isolates are shown in Table 1. E. 
sakazaku strains were obtained from J.J. Farmer III, Centers for Disease 
Control (CDC), Atlanta, Ga, and E. Aldová, Institute of Hygiene and Epidemiolo-
gy, Prague, Czechoslovakia or formed part of our culture collection. E. gergo-
viae strains were obtained from C M . O'Hara CDC, and E. Aldová, Prague; E. amm-
genus, E. intermedium, E. taylorae, E. asbunae, E. dissolvens and E^ nimipres-
suralis isolates were obtained from C M . O'Hara, CDC Most E. agglomerans were 
drawn from our culture collection. The remaining Enterobacter organisms were 
cultured from patients hospitalized in the University Hospital Nijmegen, Nijme-
gen, The Netherlands. Strains were maintained on slants of heart infusion agar 
(Difco Laboratories, Detroit, Mich.) at room temperature. 
Identification. Enterobacter strains obtained from the CDC were identified at 
their Enteric Bacteriology Laboratory Section as described elsewhere (1,3). The 
other isolates were identified with the API 20E system (API system S.A., La 
Balme Les Grottes, France). 
ot-Glucosidase tests. The strains to be tested were first grown on Mueller-Hinton 
agar (BBL) for 24 h at 36*C according to the recommendations of the U.S. Food 
and Drug Administration and the National Committee for Clinical Laboratory Stan-
dards for the disk diffusion susceptibility test (5). Tablets, agar, and filter 
paper discs containing p-mtrophenyl-a-D-glucopyranoside (catalog no. N1377; 
Sigma Chemical Company, St. Louis, MO) as well as filter paper impregnated with 
4-methylumbelliferyl-a-D-glucoside (catalog no. M9766; Sigma) were then used to 
demonstrate o-glucosidase activity. 
Tablets were used as follows. Some growth on Mueller-Hinton agar of the strain 
to be tested was suspended in sterile saline. This suspension was first adjusted 
to a McFarland no. 2 standard and after that concentrated to a turbidity between 
no. 5 and no. 6 standards. A 0.25 ml amount of the resultant suspension was 
added to a tube with a tablet (a-glucosidase Diatabs, catalog no. 504-21; Rosco 
Diagnostica, Taastrup, Denmark) which contained 350 jjg p-mtrophenyl-a -D-gluco-
pyranoside in 0.05 M phosphate buffer (pH Θ.0). After the closed tube was agi-
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tated vigorously for a few seconds, it was incubated at 36*C for 4 h as well as 
overnight (22 h). A yellow color in the supernatant, caused by released nitro-
phenol, indicated the presence of a-glucosidase. The degrees of enzymatic acti­
vity were scored as color intensities: no color (0), trace of color (+), light 
yellow (++), and yellow (-м-+). E. sakazakii ATCC 29544 and E. coli ATCC 25922 
were included in every series of tests as a positive and negative control 
respectively. 
The readings of the tests in agar and filter paper discs were performed at regu­
lar intervals during an incubation period of 4 hours at 36*C. A medium 
composed of agar (catalog no. 0140; Difco), 1.55Í w/v and p-nitrophenyl-a-D- glu-
copyranoside, 0.2% w/v in 0.05 M phosphate buffer, pH 8.0 was used to demonstra-
te the enzyme activity in agar. Two drops of the medium, which was melted and 
cooled to 45-50*0 were applicated to the growth on Mueller-Hinton agar (BBL). A 
yellow color of the applied agar was considered as a positive result. An agar 
overlay of the same medium (7 ml per 9 cm plate) was added to an overnight 
growth of isolated colonies on Mueller-Hinton agar (BBL) to detect a-glucosidase 
activity of individual colonies. A yellow color surrounding the colonies was 
considered as a positive result again. 
The same medium without agar was used in dried filter paper discs (filter paper 
no. 3, Whatman Ltd., Maidstone, England). These discs (0 6 mm) containing 300 >jg 
p-nitrophenyl-ct-D-glucoside were applied to the overnight growth on Mueller-Hin-
ton agar. The bottom (!) of the discs was watched for a yellow color. 
Some growth on Mueller-Hinton agar was also transferred with a wooden stick to 
one point on a wet filter paper (catalog no. 40; Whatman, 0 55 mm), which con-
tained 1 mg p-nitrophenyl-a-D-glucoside in 0.05 M phosphate buffer, pH 8.0 per 
cm2 or 3.3 pg 4 methyl-umbelliferyl-a-D-glucoside in 0.05 M phosphate buffer, pH 
7.3 per cm2. The filter paper was kept wet with buffer during the incubation if 
necessary. Reactions were considered positive when, respectively, a yellow 
color, or a bright green fluorescence around the spot was seen if the filter 
paper was examined in the dark under a 4 watt 366 nm U.V. light source (Fluo-
test; Heraeus GmbH, Hanau, ERG).The lamp was held at a distance of 20 cm after 
20 μΙ 0.1 N NaOH was added to the spot. 
Pigment production. Each strain was cultured on a 5% sheep blood agar (18-24 h, 
36*0). After the incubation the production of yellow-pigmented colonies was tes­
ted by culture on Trypticase soy agar (BBL Microbiology Systems, Cockeysville, 
Md.) and nutrient agar (Difco) at 25*C during 48 h. 
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DNase production. Deoxyribonuclease (DNase) was tested on DNase test agar (BBL) 
to which 0.05 g of toluidine blue per 1,000 ml was added before autoclaving. The 
agar was incubated at 36*C for 8 days (2). 
RESULTS 
The a-glucosidase activities of Enterobacter strains cultured on Mueller-Hinton 
agar (BBL) during 1Θ-24 hours at 37"C and tested by adding p-nitrophenyl-a-D-
glucopyranoside prepared as a tablet to the bacterial suspension are shown in 
Table 1. 90% of E. intermedium and 99,5% of E. sakazakii strains showed a posi­
tive reaction (++ or +++) after 4 hours. The mean reaction time for E. sakazakii 
isolates was 42.6 minutes. Isolates belonging to other species were negative (no 
color, or only a trace of color). The discriminative value of the test became 
less if the incubation period was extended, because the mean color reaction of 
most species became more intense as the time was longer. This tendency was less 
in E. amnigenus, E. gergoviae, and the only E. nimipressuralis strain tested. 
All E. sakazakii and 7 out of 10 E. intermedium isolates showed a yellow color 
within 4 hours if two drops of agar which contained the p-nitrophenyl substrate 
were applicated to an overnight growth on Mueller-Hinton agar (BBL) (Table 2). 
The cumulative percentages of E. sakazakii strains which showed a positive reac­
tion after 5, 10, 30, 60, and 120 minutes were 66.0, Θ3.8, 91.1, 97.9, and 100?ó 
respectively with a mean reaction time of 13.9 minutes . No enzyme activity was 
detected in any other Enterobacter sp. after 4 hours. If a disc with the chromo-
genic substrate was applied to the overnight growth on Mueller-Hinton agar all 
E. sakazakii and 7 out of 10 E. intermedium organisms were positive within 4 
hours too (Table 3). However the enzyme reaction of E. sakazakii was slower: the 
cumulative percentages after 5, 15, 30, 60, and 180 minutes were 22.3, 41.7, 
75.7, 90.3, and 100% respectively with a mean reaction time of 35.2 minutes. 
Agar overlays of 26 E. sakazakii strains chosen at random revealed that the 
yellow color around the colonies was earlier visible in areas with a high densi-
ty of colonies than if the colonies were well separated. No differences between 
the reaction times of individual colonies in areas with the same density were 
observed. 
If an inoculum of a 24 hours growth on Mueller-Hinton agar (BBL) was transferred 
to a filter paper containing the p-nitrophenyl compound, the cumulative percen-
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tages of 208 E. sakazakii strains showing a positive reaction after 5, 30, 60 
and 120 minutes, were 81.3, 99.0, 99.6, and 100% respectively with a mean reac­
tion time of 15.4 minutes. No yellow color could be demonstrated in any of 25 
E. cloacae isolates tested after 4 hours. If the inoculum was added to a filter 
paper impregnated with 4 methyl-umbelliferyl-oi-D-glucoside the cumulative per­
centages of the same E. sakazakii strains showing a positive reaction after 5, 
30, 60, and 180 minutes were 76.9, 88.5, 98.1, and 100?ί respectively with a mean 
reaction time of 14.6 minutes. No fluorescence under U.V. light was observed in 
any of 25 E. cloacae isolates tested after 4 hours. 
Yellow-pigmented colonies were present in 86% of 195 E. sakazakii strains if the 
bacteria were cultured on Trypticase soy agar at 25*C for 2 days and in 91% 
after incubation on nutrient agar under the same circunstances. 2% of the orga­
nisms displayed on each of the two media both pigmented and non-pigmented colo­
nies. All unpigmented strains were recultured 6 times on each of both agars; 52% 
of them already showed yellow colonies after the first subculture. The percen­
tage stabilized at 63% (Trypticase soy agar) and 59% (nutrient agar) after the 
fourth subculture. The total percentage of pigmented E. sakazakii strains was 
94% (Trypticase soy agar) and 96% (nutrient agar). Yellow colonies were also 
present in 27% of 44 E. agglomerans isolates. If the unpigmented strains were 
recultured on the forementioned media and under the same circunstances only 10% 
of them showed yellow colonies. These were already present after the first sub­
culture. All other Enterobacter isolates were not pigmented. Extracellular DNase 
activity was present in all E. sakazakii strains after 6 days; all other Entero­
bacter organisms showed a negative DNase reaction on toluidine blue agar after 8 
days at 36*С, except a few E. agglomerans, E. cloacae and E. intermedium strains 
(Table 4). 
DISCUSSION 
The a-glucosidase reaction read after 4 hours is not only a simple test to dis­
tinguish E. sakazakii from E. cloacae, E. aerogenes and E. agglomerans (4) but 
also to differentiate E. sakazakii from all other Enterobacter species except 
E. intermedium. This organism has been isolated from water and soil. However 
there is no evidence that it occurs in human clinical specimens (3). A period of 
4 hours is optimal to discriminate E. sakazakii. If the reactions are read after 
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a shorter period not all E. sakazakii isolates are positive yet (data not 
shown), and if it is read after a longer period other species show a positive 
reaction as well (Table 1). The increase in the number of positive results if 
the reaction was read after a longer time period than 4 hours is not due to a 
possible instability of the chromogenic substrate, because a number of organisms 
showed a negative reaction after 7 days (Table 1). 
Nondistinct colonies can be produced from distinct colonies after storage (3). 
Although all stock cultures were first grown on blood agar (18-24 h at 36"C) 
before the production of yellow colonies was tested, four subcultures were 
necessary to obtain about 95% pigment production. So, although the pigment may 
be lost upon subculturing (6), it can also come back upon subculturing. The per-
centage of nonpigmented strains was highest (12%) among 112 isolates which were 
obtained from J.J. Farmer III in 1983. It is likely that the absence of pigmen-
tation which was observed before the repeated subculturing was performed is not 
important to recognize fresh organisms because only 2% of the original isolates 
were unpigmented after growth on Trypticase soy agar (2 d at 250C) (3). Pigment 
production on nutrient agar and Trypticase soy agar was about equal. We prefer 
nutrient agar to test the ability to produce yellow colonies because it is a 
clear and colorless medium. The delayed DNase reaction of E. sakazakii is also a 
simple test to discriminate this species not only from E. aerogenes, E.aqglome-
rans, E. cloacae, and E. qerqoviae (3), but also from the other Enterobacter 
species (Table 4). 
The relative long incubation period which has to be used for the detection of 
pigmented colonies (48 h) or extracellular DNase (6 d) can be a drawback in some 
clinical microbiology laboratories. The application of a disk containing the 
substrate to the overnight growth of a disk diffusion susceptibility test on 
Mueller-Hinton agar is a simple way to perform the test and to recognize E. 
sakazakii among Enterobacter isolates in 4 hours under these circumstances. 
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TABLE 1. α-Glucosidase activities of Enterobacter spp. cultured on Mueller-Hinton agar, BBL (24h J6°C) and tested in 
saline solution during various times. The 






















































































































































































































































































TABLE 2: Number of strains of Enterobacter species showing a positive a-glucosidase 
reaction after 5 (or less) to 240 mm. Two drops of agar containing the substrate 
were applicated to the growth on Mueller-Hinton agar (BBL, 24 h 37"C) 
Time E. sakazaku E. intermedium Other Enterobacter sppa 
(min) 
5 (or less) 126 1 
10 34 1 
30 14 3 
60 13 
120 4 2 
negative after 4 h 3 116 
Total number of strains 191 10 116 
a
 Species and number of strains were: E. aerogenes, 20; E. aqqlomerans, 20; E^ 
amnigenus, 11; E. asburiae, 10; E. cloacae, 20; E. dissolvens, 1; E. qergoviae, 
20; E. nimipressuralis, 1; E. taylorae, 13 
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TABLE 3: Number of Enterobacter strains showing a positive ot-glucosidase reaction 
after 5 (or less) to 180 min. A disc containing the substrate was applicated to the 
growth on Mueller-Hinton agar (BBL, 24 h 37*C) 
Time E. sakazaku E. intermedium Other Enterobacter sppa 
(min) 
5 (or less) 23 
15 20 
30 35 
60 15 2 
120 9 2 
180 1 3 
negative after U h 3 116 
Total number of strains 103 10 116 
Species and number of strains, see Table 2 
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TABLF 4: DNase activities of Enterobacter species tested on toluidine blue agar at 
36*C after various time intervals. 
Cumulative °ó positive at day 
Species (n) . 

















































































































α-GLUCOSIDASE ACTIVITY OF GRAM-NEGATIVE BACTERIA HITH SPECIAL REFERENCE TO 
THE EFFECT OF DIFFERENT GROWTH CONDITIONS 
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Gram-negative facultative and aerobic bacilli belonging to 39 species were tes­
ted for a-glucosidase activity using a chromogenic (p-nitrophenyl-a-D-glucopyra-
noside) substrate. A tablet (Rosco Diagnostica, Denmark), which contained sub­
strate was added to a bacterial suspension in saline, which was prepared from an 
overnight growth (36*C) on Mueller-Hinton agar, BBL. Only in a few species, 
including Proteus penneri , Proteus vulgaris, and Serratia spp., a majority of 
the strains showed a positive reaction after 4 hours. The probability that the 
result of a random chosen test was correct, came to 65% or more. In additional 
tests with Yersinia strains it was shown that the results of the a-glucosidase 
test were dependent on the growth-medium, temperature and time of the first in­
cubation. So it is necessary to standarize the growth conditions carefully. 
Although the presence of α -glucosidase can be used to distinguish Enterobacter 
sakazakii from Enterobacter cloacae, Enterobacter aerogenes and Enterobacter 
agglomerans (3), information about the presence of this enzyme in other gram-ne­
gative bacilli is scarce (1). Therefore 39 facultative or aerobic Gram-negative 
species were tested for a-glucosidase activity. We also tested the effect of 
different growth conditions on the outcome of the test, including the medium, 
time and temperature of incubation and the time interval before the end-point 
was determined. Yersinia strains were chosen for these tests, because a discre­
pancy was observed between the results in a preliminary and in another study (1) 
for these species. The reproducibility of the test was also studied. 
MATERIALS AND METHODS 
Bacterials strains. The species tested and the number of the strains are shown 
in Table 1. The organisms were cultured from patients hospitalized in the Uni­
versity Hospital Nijmegen, Nijmegen, The Netherlands, except most of the Yersi­
nia strains which were human isolates obtained from J. Oosterom, National Insti­
tute of Health and Environment, Bilthoven, The Netherlands. Strains were main­
tained on slants of heart infusion agar (Difco Laboratories, Detroit, Mich.) at 
room temperature. 
Identification. Enterobacteriaceae were identified with the API 20E system (API 
system S.A., La Balme Les Grottes, France). Non-fermenters were identified with 
the API 20 NE System (API system). 
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tt-Glucosidase tests. The strams were first cultured on an agar medium for 24 h 
at 36"C. A suspension was prepared from each strain in saline solution and ad­
justed to a turbidity between McFarland no. 5 and no. 6 standards. A 0.25 ml 
amount of the suspension was added to a tube with a tablet (a-glucosidase Dia-
tabs, catalog no. 504-21; Roseo Diagnostica, Taastrup, Denmark) which contained 
350 jjg p-mtrophenyl-a-D-glucopyranoside (catalog no. N1377; Sigma Chemical Com­
pany, St. Louis, MO) in 0.05 M phosphate buffer (pH Θ.0). After the closed tube 
was agitated vigorously for a few seconds, it was incubated at 36*C and read 
after 4 h as well as 22 h. 
A yellow color in the supernatant, caused by released mtrophenol, indicated the 
presence of a -glucosidase. The degrees of enzymatic activity were scored as 
color intensities: no color (0), trace of color (+), light yellow (++), and 
yellow (+++). Only light yellow and yellow were considered as positive reac­
tions. E. sakazaku ATCC 29544 and E. coli ATCC 25922 were included in every se­
ries of tests as a positive and negative control respectively. 
Media. Mueller-Hinton agar II (catalog no. 1143B, BBL Microbiology Systems, 
Cockeysville, Md.) was used for testing all strains. The media which were used 
to test the influence of the agar medium on the observed enzyme activity and 
their respective manufacturers and catalog numbers were as follows: blood agar 
base (Difco, 0045; Mast Laboratories Ltd., Bootle, England, DM 101; and Oxoid 
Ltd, London, England, CM55), eosin methylene blue agar (Difco, 0005; E. Merck, 
Darmstadt, F.R.G., 1347; and Oxoid, CM69), MacConkey agar (Difco, 0075; and 
Oxoid, CM115), Mueller-Hinton agar (Difco, 0252; Gibco Europe Ltd., Paisley, 
U.K., M 33000; Merck, 5437; and Oxoid, CM 337), nutrient agar (BBL, 11472; 
Difco, 0001; and Oxoid, CM3) and SS agar (Difco, 0074; Mast, DM 205; and Oxoid, 
CM 99). Three batches of nutrient agar (Difco) were compared: 733977, 746187, 
and 749137. Carbohydrates were obtained from Merck, except B-D (+) glucose 
(Sigma). E. sakazaku ATCC 29544 was cultured (48 h at 36*C) on nutrient agar 
Difco, and Mueller-Hinton agar BBL, both supplemented with bromothymol blue 
(0.025 g/1) to demonstrate for the presence of fermentable carbohydrates. The 
corresponding brothes of both media were tested by thin-layer chromatography to 
demonstrate any oligosaccharides or simple sugars (5). 
Reproducibility of the test. For estimating the reproducibility of the test sys­
tem defined as the probability (P) that the result of a random chosen test is 
correct, the method is as follows. <*-Glucosidase assays of 74 strains chosen at 
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random were performed three times on separate days and read by the same observer 
who was unaware of the previous results. For each triplet there were 3 possible 
outcomes : 
a. All three reactions were the same, which was assumed to be the correct one 
b. Two reactions were consistent. It was assumed that one of the two different 
reactions was correct 
c. All three reactions were different. One of the reactions was assumed to be 
correct. 
Under these assumptions an estimate of the reproducibility is given by 
n
a
 + 1/3 (пь+пс) 




 are the frequencies of test triples with 
N - 1/3 n b 
respectively three consistent, two consistent and three different reactions. N 
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-N)2 N (N - 1/3 nb)2 1/3 N (2na-N)(N - 1/3 пь) 
So an estimated BQ% confidence interval for Ρ is given by Ρ = UQ>90 Χ Var(P) 
UQ.go is the 0.90th fractile of the standard normal distribution. 
RESULTS 
The a-glucosidase activities of organisms cultured on Mueller-Hinton agar (BBL) 
during 24 hours at 36*C and tested by adding a tablet which contained p-nitro-
phenyl-a-D-glucopyranoside to the bacterial suspension are shown in Table 1. A 
majority of the strains belonging to Flavobactenum spp. (5/5), P. pennen 
(4/6), P. vulgaris ( 7 П ) , P. paucimobilis (3/3), S. liquefaciens (72%), S
v 
marcescens (8 °о), and S. plymuthica (2/3) showed a positive reaction (++ or +++) 
after 4 hours. The number of positive-reacting isolates of various species, in­
cluding H. alvei, Klebsiella spp., P. maltophilia, and Y. pseudotuberculosis, 
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was considerably increased by prolonging the time interval before the end-point 
was determined from 4 to 22 hours. 
Table 2 shows the a-glucosidase activities of Y. enterocolitica and Y. pseudo­
tuberculosis strains cultured under different conditions. More isolates of each 
of these species showed a positive reaction after growth on nutrient agar 
(Difco) than after culture on Mueller-Hinton agar (BBL) if the other conditions 
were kept the same. More positive reactions were also observed in both species 
if the incubation of the same kind of agar was changed from 1 day at 36*С into 2 
days at 22*C. Acid production could not be detected after growth (48 h at 36*C) 
of E. sakazakii ATCC 29544 on both media supplemented with bromothymol blue. No 
oligosaccharides were demonstrated by thin-layer chromatography in the corres­
ponding brothes. 
Comparison of the enzyme activities after culture on various agar media revealed 
that the results did not only depend on the type of the medium but also on the 
manufacturer (Table 3). No differences in the intensity of the color reaction 
were seen if three lots of nutrient agar (Difco) were compared. 
The test of 5 Y. enterocolitica isolates which showed a positive reaction after 
growth on nutrient agar (Difco) during 24 h at 36*C was negative after addition 
of α-glucose, ß-glucose, or sucrose, to the growth medium used; suppletion with 
galactose, lactose, maltose or starch had no effect. 
Other gram-negative rods were cultured overnight on media with and without the 
addition of 1?ί glucose; the end-point of the enzyme reaction was determined af­
ter 4 hours (Table 5). After growth on an agar containing glucose the intensity 
of the reaction was the same or less for these strains. However a more intense 
reaction could also be observed in other strains (data not shown). 
The probability that the result of a random chosen test was correct, came to Θ55ό 
or more (Table 6). 
DISCUSSION 
The results of the a-glucosidase test can be dependant of the reaction time 
(Table 1). There is a shift towards more enzyme activity for some species, e.g. 
P. vulgaris, if the reaction is read after 22 instead of 4 h. However, the 
results of other species, even within the same genus, e.g. P. mirabilis, remain 
about the same. The test can be used to differentiate between both species if it 
is read after 22 h but not after 4 h. 
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It has been noted that Y. enterocolitica and Y. pseudotuberculosis showed a po­
sitive ot-glucosidase reaction after an incubation period of 4 hours in the pre­
sence of 4-nitrophenyl-a -D-glucopyranoside, whereas the intensity of the color 
reaction of most other Enterobactenaceae was only weak (1). The inoculum used 
was about MacFarland 0.5 in that study. However in the present study most Ente­
robactenaceae including 85% of the Y. enterocolitica and Y. pseudotuberculosis 
isolates were negative after 4 hours although the inoculum was made higher (Mac­
Farland 5-6). It is likely that this discrepancy can be explained by the medium 
used for culture (nutrient agar, Statens Seruminstitut, Copenhagen, Denmark in 
the former and Mueller-Hinton agar, BBL in this study), because more strains of 
both species reacted positive after culture on nutrient agar (Difco) than 
Mueller-Hinton agar (BBL) (Table 2). The reason for the different results obtai­
ned after culture of Yersinia strains on Mueller-Hinton agar (BBL) and nutrient 
agar (Difco) is not clear: the ingredients of nutrient agar are gelatin peptone, 
beef extract, and agar. Mueller-Hinton agar is composed of infusion from beef, 
acid hydrolysate of casein peptone, soluble starch, and agar. No fermentable 
carbohydrates are present in both media (2). This was confirmed by our observa­
tion that oligosaccharides which could have induced or inhibited the enzyme 
reaction were at least not present in such quantities that they could be demon­
strated by acid production or thin-layer chromatography. It is possible that the 
different results of the reactions of P. vulgaris, S. liquefaciens, and S. 
marcescens in both studies are due to strain-selection rather than the kind of 
agar used because no differences in the color reaction of some positive reacting 
strains belonging to these species were observed if the organisms were cultured 
on Mueller-Hinton agar (BBL) rather than nutrient agar (Difco) (Table 5). The 
time and temperature of the first incubation can influence the color reaction 
(Table 2). Differences in α -glucosidase activities were also observed if the 
same Y. enterocolitica strains were cultured on different media or even the same 
kind of agar produced by different manufacturers (Table 3). Although no diffe­
rences in the intensities of the color were seen if three lots of nutrient agar 
(Difco) were compared, is has been observed that variation between different 
lots of Mueller-Hinton agar produced by the same manufacturer can be important 
for the interpretation of antibiotic susceptibility testing (4). These observa­
tions stress the importance of standardizing the medium, time and temperature of 
the first incubation carefully. The observation that the tests of Y. enterocoli-
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tica were negative after the addition of glucose or sucrose to the nutrient agar 
can be a result of inhibition of the reaction by the end-product glucose. Sucro-
se, which was fermented by the strains tested also yields D-glucose (besides D-
fructose) which can explain the negative reactions after addition of sucrose. No 
decrease in the intensities of the reactions was expected or observed after 
addition of lactose or starch to the growth-medium because these carbohydrates 
were not fermented by the strains. It is possible that the substrate maltose in-
duced the reaction to that tune that the inhibition by glucose was neutralized. 
The results as shown in Table 1 are only reproducible if the same conditions as 
described are used. It is desirable to develop a chemically defined medium for 
this purpose. 
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TABLE 1. a-Glucosidase activities of Gram-negative bacilli grown on Mueller-
Hinton agar; BBL (24h 36nC) and tested in saline solution after 4 and 22 hours. 
The activities were expressed as 0, +, -н-, and +++. 
4h 22h 
Organism 






















































































































































































































































































































































































 11 serotypes belonging to serogroups A through E 
b S. sonnei, 7; S. flexneri, 5; S. boydii, 2; S. dysenteriae, 1 
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TABLE .2 
a-Glucosidase reaction of Yersinia species grown under different conditions 
Spenes No. of Medium (incubation) a-Glucosidase activity 
strains after 4 and 22 hours resp. 
4 h 22 h 
Y. enterocolitica 10 Mueller-Hinton agar (BBL), 
24 h Зб'С 





Nutrient agar (Difco), 
24 h Зб'С 9 
48 h 22° С 10 
10 
10 
Y. pseudotuberculosis 10 Mueller-Hinton agar (BBL), 
24 h Зб'С 
48 h 22'С 
Nutrient agar (Difco), 
24 h Зб'С 









number of strains which showed a positive reaction 
TABLE 3: α-Glucosidase activities of Y. enterocolitica strains cultured on various media of different origin and tested in saline 
solution after 4 h (36eC). 
Blood agar Eosin methylene MacConkey Mueller-Hinton agar Nutrient agar 55 agar 
blue agar agar 
Strain _ 





































































































































































































TABLE 4: α-Glucosidase reaction of Ь Y« enterocolitica strains, selected at random and cultured on supplemented nutrient agar (Difco) 
during 24 h. at ?7*C. The reaction was performed in saline and read after 4 h. 
Strain 
Supplement 
No supplement a -Glurnse Q-Glueose Galactose Lactose Maltose Sucroae 
TABLE 5: a-Glucosidase activities of some Gram-negative isolates, selected at random and cultured on various media with or without 











































F.coli P.mirabilis P.vulgaris P.aeruginosa S.panama S.liquefaciens S.marcescens 
(1)b (1) (2) (1) (1) (2) (2) 
Blood agar, Difco 
Blood agar, Mast 
Eosin methylene blue agar, 
Merck 
MacConkey agar, Oxoid 
Mueller-Hinton agar, 
BBL 00 00 +0 ++ 00 00 + + 4 4 - ++ ++ 
Mueller-Hinton agar, 
Difco 00 00 +0 +0 00 00 ++ ++ ++ ++ 
Mueller-Hinton agar, 
Gibco 00 00 00 +0 00 00 ^ *-+ ++ +0 
Mueller-Hinton agar, 
Merck 00 00 +0 +0 00 00 +0 +0 +0 +0 
Mueller-Hinton agar, 
Oxoid +0 00 +0 +0 00 00 •*-+ ++ ++ ++ 
Nutrient agar, BBL 00 00 +0 +0 00 00 +0 +0 ++ +0 
Nutrient agar, Difco -HJ UU +U + U UU UU -4-+ ++ ++ ++ 
SS agar, Difco 
SS agar, Mast 
a
 The first sign represents the situation without supplementation, the second one with glucose. + = yellow color, 0 = no color or only 
a trace of color c^ 
D




















TABLE 6: Reproducibility of the α-glucosidase reaction after 4 and 22 hours at 
36',C for the strains tested9. The results were scored on a 4 points-scale (0, +, 
++, +++) or a 2 points-scale (negative, including Q and +, or positive, inclu­
ding ++ and +++) 




 Ρ SE 60% Confidence 

































 nb» пс а г е ^ 1 6 percentages in test triples of respectively three consis­
tent, two consistent, and three different results; Ρ is the estimated probabi­
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ABSTRACT 
Glycosidase activities of Enterobacter spp. were tested using chromogenic sub­
strates after growth on minerals modified glutamate agar. Some of these enzymes, 
including a-galactosidase, α-glucosidase, 6-glucuronidase, and Q-xylosidase, can 
supplement the conventional biochemical reactions for the identification of 
Enterobacter spp. The choice of the incubation period is important to get as 
much information as possible from these tests. 
The direct detection of enzyme activities can be used to identify bacterial 
species. These tests demonstrate individual enzyme activities and so differ from 
the usual biochemical reactions which commonly demonstrate the end-products of 
complete metabolic pathways. However it should be noted that the results of 
these enzyme tests can depend on a number of growth-conditions, including the 
medium, and the time and temperature of incubation. Tt is necessary to standar­
dize these conditions carefully in order to improve the reproducibility of tests 
based on the demonstration of the activities of induced enzymes. It is difficult 
to standardize most culture media because of the variability of the biological 
ingredients e.g. peptones, meat infusion, and yeast extract. A simple way to 
solve this problem is to use a chemically defined medium. 
Chromogenic (p-mtrophenyl-) substrates were used to detect the activities of 9 
glycosidases produced by strains belonging to 11 Enterobacter spp. after growth 
on minerals modified glutamate agar, a chemically defined medium. 
MATERIALS AND METHODS 
Bacterial strains. The species tested and number of isolates are shown in Table 
1. E. sakazaku strains were obtained from J.J. Farmer III, Centers for Disease 
Control (CDC), Atlanta, Ga., and E. Aldová, Institute of Hygiene and Epidemiolo-
gy, Prague, Czechoslovakia, or were part of our collection. E. gergoviae iso-
lates were obtained from C M . O'Hara, CDC and E. Aldová. E. amnigenus, E. asbu-
nae, E. dissolvens, E. nimipressuralis, E. intermedium, and E. taylorae orga-
nisms were obtained from C M . O'Hara, CDC. The other Enterobacter spp. were cul-
tured from patients hospitalized in the University Hospital Nijmegen. Strains 
were maintained on slants of heart infusion agar (Difco Laboratories, Detroit, 
Mich.) at room temperature. 
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Identification. The identification was performed at the Centers for Disease 
Control (2), or with the API 20E system (API system S.A., La Balme Les Grottes, 
France). Some additional tests were performed to identify E. sakazakii in our 
laboratory: the production of yellow-pigmented colonies on nutrient agar (Difco) 
after 48 h at 250C, a delayed positive DNase reaction (1), and a positive a-glu-
cosidase reaction after 4 hours of cultures grown on Mueller-Hinton agar (BBL 
Microbiology Systems, Cockeysville, Md.) during 24 h at 360C (4). 
Minerals modified glutamate agar. The components of the final medium are ammo­
nium chloride, sodium glutamate (catalog no. L124; Oxoid Ltd., London, Great 
Britain), agar base (catalog no. CM6Q7; Oxoid), and agar. The base has the fol­
lowing formula (grams per litre): lactose, 10; sodium formate, 0.25; L-cystine, 
0.02; L(-)aspartic acid, 0.024; L(+)arginine, 0.02; thiamine, 0.001; nicotinic 
acid, 0.001; pantothenic acid, 0.001; MgSO^ 7^0, 0.1; f e m e ammonium citrate, 
0.01; СаСІ2 2H2O, 0.01; dipotassium hydrogen phosphate, 0.9; bromocresol purple, 
0.01. 
2.5 Grams of ammonium chloride were dissolved in 1 litre of distilled water. 6.4 
Grams of sodium glutamate, 15 grams of agar, and 11.4 grams of agar base were 
added and mixed to dissolve. The solution was autoclaved for 15 minutes at 
110°C. The pH of the final medium was 6.7. 
Enzyme tests. The organisms were first cultured on minerals modified glutamate 
agar for 18 h at 370C. A suspension was prepared from each strain in saline so­
lution and adjusted to a turbidity between MacFarland no. 5 and 6 standards. 
0.25 ml of the suspension was added to a tube with a tablet of the chromogemc 
substrate to be tested. The tablets obtained from Roseo Diagnostica, Taastrup, 
Denmark, contained a p-mtrophenyl-compound in 0.05 M phosphate buffer (pH 8.0). 
The enzymes, amount of corresponding substrate per tablet, and catalog no. were 
respectively: G-N-acetylglucosamimdase, 250 pg p-nitrophenyl-2-acetamido-2-
deoxy-Q-D-glucopyranoside, 500-21 ; α-fucosidase, 250 |jg p-mtrophenyl-a-L-fuco-
pyranoaide, 501-21; a-galactosidaqe, 350 ng p-mtrophenyl-ci-D-galactopyranoside, 
502-21; B-galactosidase, 350 |ig»nitrophenyl-Q-D-galactopyranoside, 503-21; a -
glucosidase, 350 jjg p-mtrophenyl-ot-D-glucopyranoside, 504-21; Q-glucosidase, 
350 μg p-mtrophenyl-fl-D-glucopyranoside, 505-21; B-glucuromdase, 350 ^g p-
nitrophenyl-Q-D-glucuronic acid, 506-21 ;a-mannosidase, 250 ug p-mtrophenyl-a-
D-mannopyranoside, 507-21; 0-xylosidase, 350 ug p-mtrophenyl-B-D-xylipyranosi-
de, 50B-21. After the closed tubes were agitated vigorously for a few seconds, 
they were incubated at 36°C and read after several time intervals. Tablets in 
saline solution acted as controls for the stability of the chromogemc substra-
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tes. The intensities of the reaction were recorded as 0 (no color), + (trace of 
color), -t-t- (light yellow), and +++ (yellow). 
RESULTS 
The only strain of E. nimipressuralis (formerly: Erwinia nimipressuralis) tested 
did not grow on minerals modified glutamate agar after 18 h at Зб'С and was fur­
ther omitted from the study. All controls showed no color during the whole incu­
bation period, except the 6-N-acetyl-glucosaminidase control which was light 
yellow (++) after 22 h, and yellow (+++) after 2 days. However most Enterobacter 
strains showed already a light yellow or yellow color after 4 h (Table 1), when 
the control was still negative. No fucosidase activity was observed of any of 
the Enterobacter isolates tested. However 12 of 15 E^ gergoviae strains showed a 
brown discoloration after 7 days. All E. aerogenes showed a-galactosidase acti­
vity (-M-+) after 4 h, which was absent in E. asburiae and E. taylorae at that 
time. If the a-galactosidase reaction was read after 22 h E. asburiae and E. 
taylorae were still negative (color absent or only a trace of color), but (near­
ly) all strains of E. amniqenus, E. cloacae, E. gergoviae, and E. sakazakii were 
positive as well. If the incubation period was extended beyond 22 h the discri­
minative value of this enzyme became less. Nearly all strains showed already a 
positive (+++) G-galactosidase reaction after 4 h. All E. sakazakii isolates 
tested were already a-glucosidase positive (+++) after 4 h. Other Enterobacter 
spp. were negative (no color or trace of color), except for У of 10 E. interme­
dium and one E. taylorae strain. The color reaction of the other organisms, 
including E. cloacae, intensified if the incubation was extended. The Q-glucosi-
dase reactions were, with a few exceptions, already positive (++ or +++) after 4 
h. No Enterobacter strain showed Q-glucuronidase activity after 4 h. E. aeroge­
nes became positive after a longer period (ЮОй after 7 days), as well as a few 
isolates belonging to other species. All Enterobacter organisms displayed a 
negative a-mannosidase reaction after 4h. Nearly all E. aerogenes, E. asburiae, 
E. gergoviae, E. intermedium, and E^ sakazakii remained negative; a part of E. 
aqglomerans, E. amnigenus, E. cloacae, and E. taylorae became positive during 
prolonged incubation. Most E. aerogenes and E. sakazakii were ß-xylosidase posi-
tive, most E. gergoviae and E. taylorae were negative after 4 h. The differences 
were gradually obscured, because an increasing number of organisms showed a 
positive reaction, if the incubation was longer. 
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DISCUSSION 
Direct detection of enzyme activities can provide much information. However if 
only one incubation time is chosen e.g. 4 h for rapid identification or the 
more conventional overnight incubation not all informaton is used. A number of 
strains show a tendency towards a more intense color if the incubation time is 
longer, e.g. 3-glucuronidase activity of E. aeroqenes. The enzyme activity of 
other isolates cannot be demonstrated even after a longer time e.g. Q-glucuroni-
dase activity of E. asburiae. An optimal differentiation between two groups or 
species can be achieved by this enzyme if the right incubation time is chosen; 
it is possible to differentiate E. aerogenes and E. asburae after 7 days, but 
not after 4 or 22 h. G-Glucuronidase has also been advocated to identify E. coli 
(besides Shigella spp.) among Enterobacteriaceae (3). The production of this en­
zyme by E. aerogenes does not interfere with that use because positive reactions 
were only observed after 22 h or more, using a high inoculum (MacFarland 5-6). 
This is in contrast to the inoculum in common use to identify E. coli (MacFar­
land 0.5). The shortest time after which the reactions were read was 4 h in this 
study. It is possible that two species, both characterized by a positive enzyme 
reaction at that time can be separated by the test if a shorter incubation 
period is used. It was not possible to discriminate E. sakazakii, E. cloacae, 
and E. intermedium in that way (data not shown). The results in this study were 
comparable with those obtained earlier for E. aerogenes, E. aqqlomerans, E. 
cloacae and E. sakazakii (4) except the a-galactosidase activity which was pre­
sent in all E. aeroqenes isolates in this study but in only 1 of 19 isolates 
tested earlier. The reason for this discrepancy is not clear. 
Some glycosidase tests, including a-galactosidase, α-glucosidase, 0-glucuronida-
se, and Q-xylosidase, can supplement the conventional biochemical reactions for 
the identification of Enterobacter spp. The choice of the incubation period is 
important to get as much information as possible from these tests. 
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TABLE 1. Number of Enterobacter strains with enzyme activities after different 
incubation times at 36"С 
Time of incubation 
Enzyme Species Activity Hours Days 
4 22 2 3 4 5 6 7 21 
G-N-acetyl- E. aerogenes +++ 14 15 
glucosa- ++ 1 
minidase + 
0 
E. agglomerans +++ θ 13 14 
++ 5 1 
+ 1 
0 




E. asburiae +++ 10 10 




E. dissolvens +++ 1 1 
+ 
0 
E. gergoviae +++ 15 15 
+ 
0 




E. sakazakii +++ 15 15 
E. taylorae +++ 12 12 
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Time o f i n c u b a t i o n 
Enzyme Species A c t i v i t y Hours Days 
H 22 2 3 4 5 6 7 21 
a_Fucosidase E. aerogenes 
+ 2 4 
0 15 13 15 15 15 15 15 15 11 
E. agglomerans +++ 
++ 
+ 
0 14 14 14 14 14 14 14 14 14 
E. amnigenus 
+ 2 a 
0 11 11 11 11 11 11 11 11 9 
E. asburiae +++ 
и- Ia 
+ 1 
0 10 10 10 10 10 10 10 10 θ 
E. cloacae 
+ 13a 
0 15 15 15 15 15 15 15 15 2 
E. dissolvens +++ 
+ 
0 1 1 1 1 1 1 1 1 1 
E. gergoviae 
+ 1 12a 14a 
0 15 15 15 14 15 15 15 3 1 
E. intermedium 
+ 2 a 
О 10 10 10 10 10 10 10 10 θ 
E. sakazakii 
+ 2 
0 15 15 15 15 15 15 15 15 13 
E. taylorae +++ 
+ 1 




























































E. amnigenus -t-м- 7 10 10 10 10 10 10 10 10 
++ 1 
+ 1 
0 2 1 1 1 1 1 1 1 1 
E. a s b u r i a e +++ 3 4 4 4 4 6 6 
++ 1 1 
+ 1 1 
0 10 9 6 6 6 6 4 4 4 
E. cloacae +++ 13 13 14 14 15 15 15 15 
++ 7 1 
+ 6 1 1 
0 2 2 1 




E. gergoviae +++ 3 14 14 14 14 14 14 14 14 
++ θ 
+ 2 1 1 1 1 
0 2 1 1 1 1 
E. intermedium +++ 6 7 8 8 8 8 8 8 8 
++ 1 1 1 1 1 1 1 1 1 
+ 1 1 
0 3 2 1 1 1 1 1 




E. t a y l o r a e +++ 3 6 7 7 7 7 7 7 
++ 3 1 
+ 
0 12 12 6 5 5 5 5 5 5 
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Enzyme Species Activity 






























E. sakazakii +++ 
+ 
0 
E. t a y l o r a e +++ 
++ 
Time o f i n c u b a t i o n 
Hours Days 
4 22 ~~2 3 4 5 6 7 2І" 
15 15 15 15 15 15 15 15 15 
14 14 14 14 14 14 14 14 14 
10 11 11 11 11 11 11 11 11 
1 
10 10 10 10 10 10 10 10 10 
14 15 15 15 15 15 15 15 15 
1 
1 1 1 1 1 1 1 1 1 
15 15 15 15 15 15 15 15 15 
В 10 10 10 10 10 10 10 10 
1 
1 
14 15 15 15 15 15 15 15 15 
1 
12 12 12 12 12 12 12 12 12 
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Time o f i n c u b a t i o n 
Enzyme Species A c t i v i t y Hours Days 
4 22 2 3 4 5 6 7 21 
α -Glucosidase E. aerogenes -ьи- 1 1 θ 15 15 15 15 15 
•м- 6 13 7 
+ 1 6 1 
О 14 2 
E. agglomerane +++ 2 4 θ 9 12 14 14 
++ 4 7 6 5 4 2 
+ 5 2 3 1 1 
О 14 5 3 1 
E. amnigenus -ни- 1 2 2 4 4 4 
++ 2 5 6 5 5 4 4 4 
+ 7 4 2 2 3 3 3 3 






































++ 11 9 3 
+ 2 3 
О 13 
E. d i s s o l v e n s -м-+ 1 1 1 1 1 1 1 1 
+ 1 
О 
E. gergoviae -m- 3 7 9 11 11 12 
++ 2 9 8 4 3 3 3 2 
+ 9 6 4 4 2 1 1 1 
О 15 4 
E. intermedium +++ 5 θ 9 10 10 10 10 10 
++ 3 4 1 1 
+ 4 
0 3 1 1 




E. taylorae +++ 2 2 8 11 12 12 12 
++ 1 1 4 10 4 1 
+ 1 9 6 
0 10 2 
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Time of incubation 
Enzyme Species Activity Hours Days 
4 22 2 3 4 5 6 7 21 




E. agglomerans +++ θ 13 13 13 14 14 14 14 14 
++ 2 1 1 
+ 2 1 
О 2 








E. cloacae +++ 4 13 14 15 15 15 15 15 15 
++ 1 2 1 
+ 3 
0 7 
E. d i s s o l v e n s +++ 1 1 1 1 1 1 1 1 1 

















Time of incubation 
Enzyme Species Activity Hours Days 
4 22 2 3 4 5 6 7 21 
G-Glucuroni- E. aerogenes -m- 1 6 11 13 13 14 15 15 
dase -и- 2 5 2 2 1 
+ 1 2 1 2 
0 15 11 2 1 
E. agglomerans +++ 
++ 1 1 3 
+ 1 1 
0 14 14 14 14 13 13 13 13 11 
E. amnigenus +++ 
++ 1 
+ 
0 11 11 11 11 11 11 11 11 10 
E. asburiae +++ 
+ 
0 10 10 10 10 10 10 10 10 10 
E. cloacae +++ 2 2 4 
-и- 1 2 
+ 1 1 
0 15 15 15 14 13 13 13 13 11 
E. d i s s o l v e n s 
+ 
0 1 1 1 1 1 1 1 1 1 
E. gergoviae +++ 
++ 
+ 
0 15 15 15 15 15 15 15 15 15 
E. intermedium 
+ 1 
0 10 10 10 10 10 10 10 10 9 
E. sakazakii +++ 2 2 2 
++ 1 2 2 1 
+ 1 
0 15 15 15 13 13 13 13 13 12 
E. t a y l o r a e +++ 1 1 1 2 3 3 
-и- 1 1 2 
+ 1 1 1 
0 12 12 11 11 10 9 9 9 7 
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Time of incubation 
Enzyme Species Activity Hours Days 
4 22 2 3 4 5 6 7 21 
a-Mannosidase E. aerogenes +++ 1 
++ 1 1 1 1 1 
1 1 
15 14 14 14 14 14 14 14 14 
E. agglomerans +++ 1 1 3 3 3 4 
++ 1 2 2 2 1 2 1 
+ 1 1 2 1 
0 14 12 11 11 11 9 9 9 9 
E. amnigenus +++ 2 2 2 2 3 
++ 1 1 2 1 
+ 1 1 
0 11 10 9 9 9 9 8 8 8 
E. asbur iae +++ 
+ 
0 10 10 10 10 10 10 10 10 10 
E. cloacae +++ 1 2 3 7 7 7 8 
++ 3 4 4 1 1 1 
+ 3 4 2 1 1 1 1 
0 15 12 7 7 7 7 6 6 6 
E. disaolvens 
+ 
0 1 1 1 1 1 1 1 1 1 
E. gergoviae 
+ 1 
0 15 15 15 15 15 15 15 14 15 
E. intermedium +++ 1 1 1 1 
++ 1 1 
+ 
0 10 10 10 9 9 9 9 9 9 
E. sakazakii 
+ 
0 15 15 15 15 15 15 15 15 15 
E. t ay lo rae +++ 1 1 4 5 7 
++ 2 5 5 5 3 4 2 
+ 2 5 3 3 3 3 1 1 
0 12 10 5 4 3 3 2 2 2 
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Time of incubation 
Enzyme Species Activity Hours Days 
4 22 2 3 4 5 6 7 21 




E. agglomerane +++ 6 12 12 12 12 12 12 12 12 
++ 4 
+ 1 1 
0 3 2 2 2 2 2 2 2 1 
E. amnigenus +++ 4 7 9 10 10 10 10 10 10 
++ 1 2 1 
+ 
0 6 2 1 1 1 1 1 1 1 
E. asburiae +++ 3 7 10 10 10 10 10 10 10 
-H- 3 2 
+ 
0 4 1 
E. cloacae +++ θ 14 14 14 14 14 14 15 15 
+ + 4 1 1 
+ 1 1 1 1 
0 2 1 




E. gergoviae +++ 1 1 1 1 1 5 6 6 6 
++ 3 5 5 7 3 7 8 9 
+ 4 6 9 7 7 2 1 
0 14 7 3 
E. intermedium +++ 1 4 9 9 9 9 10 10 10 
++ 1 5 1 1 1 
+ 1 1 1 
0 7 
E. s a k a z a k i i +++ 12 13 13 13 13 13 13 13 13 
++ 1 2 
+ 1 1 1 1 1 
0 2 2 2 1 1 1 1 1 
E. t a y l o r a e +++ 1 1 3 4 4 5 5 5 6 
++ 1 1 1 4 
+ 1 1 3 3 4 3 2 
0 11 11 8 6 4 4 3 3 
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Chapter IX 
COMPARATIVE IN VITRO SUSCEPTIBILITIES OF EIGHT ENTEROBACTER SPECIES 
WITH SPECIAL REFERENCE TO ENTEROBACTER SAKAZAKII 
Harry L. Muytjens* and Joke van der Ros-van de Repe 
Department of Medical Microbiology, St. Radboud Hospital, University of 
Nijmegen, Nijmegen, The Netherlands. 
Antimicrobial Agents and Chemotherapy 29: 367-370 (1986) 
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An agar dilution method was used to measure the MICs of 29 antimicrobial agents 
against Enterobacter sakazakii, E. cloacae, E. aeroqenes, E. aqqlotnerans, E. 
amnigenus, E. qergoviae, E. intermedium, and E. taylorae (formerly Enteric Group 
19). E. sakazakii was the most susceptible species. Results showing resistance 
to ampicillin are likely to exclude E. sakazakii. 
Enterobacter sakazakii has been described as a cause of neonatal meningitis (4, 
Θ). An association with bacteremia has also been mentioned. A number of strains 
were isolated from clinical specimens, including stool, sputum, and superficial 
wounds, in which they probably represented colonization rather than infection. 
In addition it was cultured from the environment (4). 
We decided to determine the activities of 29 antimicrobial agents against E. 
sakazakii, because the MICs of only a limited number of E. sakazakii isolates 
have been published (4, 8). The data obtained were compared with the susceptibi­
lities of seven other Enterobacter species. 
The drugs, species tested, and number of isolates are shown in Table 1. The com­
bination of trimethoprim-sulfamethoxazole was tested at a ratio of 1:19. 
E. sakazakii strains were obtained from J.J. Farmer III, Centers for Disease 
Control, Atlanta, Ga., and E. Aldová, Institute of Hygiene and Epidemiology, 
Prague, Czechoslovakia, or were part of our collection. 
The sources of 157 of 195 E. sakazakii isolates were known. Sources that occur-
red more than twice and numbers of strains were as follows: cerebrospinal fluid, 
17; blood, 5; lower respiratory tract, 35; digestive tract, 31; dairy products 
and kitchen utensils, 21; superficial wounds, 12; upper respiratory tract, 9; 
urine, 9. E. amnigenus, E. gergoviae, E. intermedium, and E. taylorae strains 
were obtained from C M . O'Hara, Centers for Disease Control. The other isolates 
were cultured from patients hospitalized in the St. Radboud University Hospital 
in Nijmegen. 
E. cloacae, E. aerogenes, and E. aqqlomerans were identified with the API 20E 
system (API system S.A., La Balme les Grottes, France). E. sakazakii was identi-
fied with the API 20E system or the biochemical tests described by Edwards and 
Ewing (3); in addition to both systems, the production of yellow pigmented colo-
nies on Trypticase (BBL Microbiology Systems, Cockeysville, Md.) soy agar at 
25,C after 48 h, of extracellular DNase on toluidine blue agar at Зб'С after 7 
days, and of o-glucosidase at 36"C after 4 h (7) were tested. The other Entero­
bacter species were identified at the Centers for Disease Control (5). MICs were 
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determined by an agar dilution method. The stock solutions of the drugs were 
prepared on the day of use. Each inoculum was applied to Mueller-Hinton agar 
(BBL) with an automatic multipoint inoculator and was prepared by diluting an 
overnight agar culture in Mueller-Hinton broth in such a way that a spot of 
broth contained 1CP CFU. The MIC was the lowest concentration of antibiotic at 
which there was no growth , one discrete colony, or a fine, barely visible haze 
after incubation at 35*C for 16 to 20 h. The following control organisms were 
included on the plates: Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 
25923, and Pseudomonas aeruginosa ATCC 27Θ53. 
Table 1 shows the MICs required to inhibit 50 and 90% of the strains. E. sakaza-
k n was quite susceptible to the agents tested, except cephalothin and sulfame­
thoxazole. 
The MICs for 90°ί of strains tested of 25 agents were at least twofold lower for 
E. sakazaku than E. cloacae. This accentuates the differences in the two spe­
cies. The results of the MICs for E. qergoviae are in good agreement with data 
obtained previously by a disk method (2), except that none of our isolates was 
resistant to nalidixic acid. This might be due to the relatively low number of 
strains that were tested. 
The data for E. taylorae are also in accordance with those presented previously 
(6), except that susceptibility to polymyxins, as determined by a disk method 
(94%), was not confirmed in this study (MIC for 50% of strains tested, 128 pg/ 
ml). The resistance that was found might be due to the high inoculum (10^ CFU 
per spot) used, because determinations of MICs of these drugs are much affected 
by the size of the inoculum (9). However, E. coli ATCC 25922, which was used as 
a control, was susceptible (MIC, 1 jjg/ml). The resistant E. taylorae strains 
found in this study were susceptible when tested by the same agar diffusion 
method as described previously (6). It has been noted that a zone of inhibition 
is only a rough indication of susceptibility to polymyxins; susceptibility must 
be confirmed by a dilution test, because polymyxins diffuse very poorly (1). 
Table 2 shows that only 1 of 195 strains of E. sakazaku was inhibited by more 
than 8 ¿jg of ampicillin per ml. This concentration corresponded to a zone dia-
meter of 14 mm in the disk diffusion test recommended by the U.S. Food and Drug 
Administration and the National Committee for Clinical Laboratory Standards and 
is the breakpoint which separates susceptible and intermediately susceptible 
strains from each other (1). Results showing resistance to ampicillin are likely 
to exclude E. sakazaku. Inhibition by a high concentration of cephalothin only 
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(256 to 512 ug/ml or more, which corresponds to the absence of a zone of inhibi-
tion in the disk agar diffusion test) is also likely to exclude E. sakazakii. 
These observations are in agreement with previous data published by Farmer et al 
U). 
Susceptibility testing of 50 E. sakazakii and 50 E. cloacae strains by the 
National Committee for Clinical Laboratory Standards disk diffusion test (data 
not shown) confirmed the presumptions based on the agar dilution method. The use 
of one of these characters (resistance to ampicillin or growth around a 
cephalothin disk) is recommended to exclude E. sakazakii and restrict the number 
of times that additional steps for the identification of E. sakazakii are 
needed. 
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TABLE 2. Differentiation of 195 strains of E. sakazakii and 111 strains of £_· 
cloacae by differences in MICs of ampicillin and cephalotin 
No. of strains inhibited by the following drugs 
Cephalothin MIC 
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The relation between susceptibility to several beta-lactam antibiotics and beta-
lactamase production was studied in Enterobacter sakazakii and seven other Ente­
robacter species, including those recently described: Enterobacter ammgenus, 
Enterobacter gergoviae, Enterobacter intermedium, and Enterobacter taylorae. E. 
gerqoviae was the most susceptible species, followed by E. sakazakii and E. am­
mgenus. Only one E. gergoviae strain was resistant to ampicillin, cefalondin 
and cephalothin, this was very likely due to the presence of a plasmid mediated 
beta-lactamase. The E. sakazakii strains tested were susceptible to ampicillin 
but resistant to cephalothin. In most of these strains a beta-lactamase was 
detectable with a pi or 7.00 or higher. The constitutive production of these 
beta-lactamases, in addition to the substrate profiles, hydrolysis of cephalo­
thin but no hydrolysis of ampicillin or cephalondin, suggest the presence of a 
new type of beta-lactamase in E. sakazakii. 
INTRODUCTION 
Recently, the biochemical identification of several new species of Enterobacter 
have been described. Instead of the four species in the genus Enterobacter, 
Enterobacter cloacae, Enterobacter aeroqenes, Enterobacter hafniae and Entero­
bacter liguefaciens as described in the third edition of Edwards and Ewing (1), 
now eight species of Enterobacter have been recognized, Enterobacter aerogenes, 
Enterobacter agglomerans, Enterobacter ammgenus, Enterobacter cloacae, Entero­
bacter gergoviae, Enterobacter intermedium, Enterobacter sakazakii and Entero­
bacter taylorae (2). In a previous paper we described the antibiotic susceptibi­
lity of the species mentioned above to 29 antimicrobial agents (Θ). The most 
striking finding was the ampicillin susceptibility of all E. sakazakii tested 
(MIC< θ mg/ml). In this paper the susceptibility of representative strains of 
each species to several beta-lactam antibiotics was studied in relation to the 
beta-lactamase production. 
MATERIALS AND METHODS 
E. sakazakii strains were obtained from J.J. Farmer III, Centers for Disease 
Control, Atlanta, Ga., and E. Aldová, Institute of Hygiene and Epidemiology, 
Prague, Czechoslovakia or were part of our collection. E. ammgenus, E. gergo-
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viae, E. intermedium and E. taylorae strains were obtained from C M . O'Hara, 
Centers for Disease Control. The other species were isolated from patients hos­
pitalized in the St. Radboud University Hospital in Nijmegen, The Netherlands. 
The most resistant E. aeroqenes, E. cloacae and E. sakazakii strains were selec­
ted for this study from a collection described previously (8). Isolates belong­
ing to other species were selected at random. E. cloacae, E. aeroqenes, E. ag-
qlomerans and E. sakazakii were identified with the API 20E system (API system 
S.A., La Balme les Grottes, France). Additional biochemical tests for the iden­
tification of E. sakazakii were performed as described previously (7). The other 
Enterobacter species were identified at the Centers for Disease Control (2). 
The antibiotics tested are listed in table 1. The stock solutions of antibiotics 
were prepared on the day of use. The antibiotic susceptibility was determined by 
an agar dilution method as described recently (Θ). The beta-lactamase studies 
were performed as described in a previous study (9). In addition, the beta-lac­
tamase production was screened by the nitrocefin disc method (cefinase disc, BBL 
Microbiology Systems, Cockeysville, Md.). The concentration of protein was esti­
mated by the Bio Rad assay (Bio Rad Lab., Richmond, California). For the beta-
lactamase characterization, analytical isoelectric focusing (IEF) was performed 
in Polyacrylamide gels containing Pharmalyte (Pharmacia Fine Chemicals, Sweden) 
in the pH range 3-10, according to Matthew (5). The sustrate profiles of the 




The resistance of the strains to the beta-lactam antibiotics and some characte­
ristics of the type of beta-lactamase produced are shown in table 1. Only the 
MIC values greater than the arbitrarily value of 16 mg/1 are given. All E. aero-
genes strains tested were resistant to anpicillin, cefaloridin and cephalothin, 
whereas eight strains were in addition resistant to cefoxitin. Resistance to 
cefamandole or ceforanide was found in 5 and 6 strains respectively, resistance 
to cefuroxime, cefoperazone and piperacillin in 3 and 5 strains, respectively. 
Resistance to the beta-lactam antibiotics was quite common in the E. aeroqenes 
tested. Three strains were resistant to 8 compounds whereas another 4 were re­
sistant to 5, 6 or 13 antibiotics, respectively. 
Two of the E. aqqlomerans strains tested were susceptible to all antibiotics 
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tested, another two strains were only resistant to ampicillin, whereas one 
strain was resistant to ampicillin, cephalothin and ceforanide. Four strains 
were resistant to ampicillin, cefaloridin, cephalothin, cefoxitin and ceforani-
de. Three of these strains were also resistant to cefuroxime and cefamandole, 
additional resistance to cefotaxime and ceftriaxone was found in two strains. 
All E. cloacae strains tested were resistant to ampicillin, cefaloridin and 
cephalothin. 
As shown previously, the E. sakazakii strains tested were susceptible to ampi-
cillin, but resistant to cephalothin. Resistance to cefuroxime and cefoxitin was 
found in two and four strains, respectively. Two of the strains showed resistan-
ce to both antibiotics. Resistance to the other antibiotics was not observed. 
Resistance to cefaloridin, cephalothin and cefoxitin was found in almost all E. 
intermedium strains tested. In addition four strains were resistant to ampicil-
lin, two of these isolates were resistant to two and three other beta-lactam 
antibiotics, respectively. 
The E. gerqoviae strains tested were in general susceptible to the beta-lactam 
antibiotics tested. One strain was resistant to cefaloridin, cephalothin and 
cefoxitin, whereas another isolate was resistant to ampicillin, cefaloridin, 
cephalothin and piperacillin. Ampicillin, cephaloridin, cephalothin and cefoxi-
tin resistance was found in eight to ten out of the ten E. taylorae strains tes-
ted. In addition, six strains were resistant to the ceforanide, whereas three 
and four of these strains were resistant to cefamandole and cefuroxime, respec-
tively. All E. amniqenus strains were resistant to cephalothin. Resistance to 
most of the compounds occurred in one strain. 
Beta-lactamase studies 
Using the nitrocefin disc method a positive reaction was found in all strains 
within 10 minutes, five strains excepted i.e. one strain of each of the follow-
ing species: E. sakazakii, E. gergoviae, E. amniqenus, E. agqlomerans and E. in-
termedium. These strains produced also a relatively low amount of beta-lactama-
se, being 14, 48, 98 and 37 nmol nitrocefin/min.mg protein, respectively, which 
was also not detectable by analytical isoelectric focusing. 
The specific beta-lactamase activity of the (crude enzyme preparations of) E. 
sakazakii strains ranged from 14 to 179 nmol nitrocefin/min .mg protein and did 
not significantly increase after induction. Using the IEF in two strains no 
beta-lactamase was detectable whereas in the other strains the isoelectric point 
(pi) ranged from 7.00 to 7.56. 
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Four of the E. aeroqenes strains produced a relatively high amount of beta-lac­
tamase (more than 100 nmol nitrocefin/min.mg protein). No significant increase 
was observed after induction. These findings argue for the presence of a plasmid 
mediated enzyme in these strains. Using the IEF, the presence of a plasmid medi­
ated beta-lactamase was indeed in one strain very likely (pi 5.72). In the other 
strains the pi of the beta-lactamases were distinctively higher (pi = 7.56, Θ.3Θ 
and 9.3Θ) and therefore probably chromosomally located. 
In five E. agqlomerans strains no beta-lactamase was detectable using the IEF. 
This was in accordance with the antibiotic susceptibility of three of these iso­
lates. The other isolates, although resistant to five and ten antibiotics tes­
ted, produced only a low amount of beta-lactamase that was therefore not detec­
table using the IEF. Thus, the antibiotic resistance in these strains must be 
due to another mechanism than beta-lactamase production. The beta-lactamases of 
the other strains focused at a relatively high pi: the pi ranged from 7.67 to 
9.49. In all but two strains the beta-lactamase production was constitutive. 
Using the IEF, in all E. cloacae strains a beta-lactamase was detectable, the pi 
ranged from 7.65 to 9.55. The beta-lactamase production of all isolates was in­
ducible, one strain producing without induction a relatively high amount of 
beta-lactamases, excepted. In contrast, the enzyme production of E. intermedium 
strains was in all but one strain constitutive. The beta-lactamases of the 
strains with a detectable enzyme focused at a pi of 7.81 or higher. 
Only in two E. gerqoviae strains a beta-lactamase was detectable, one strain 
with a pi of 8.30 and one with a pi of 5.77. The latter strain produced a rela­
tively high amount of beta-lactamase. Therefore, the production of a plasmid me­
diated enzyme in this strain is very likely. The enzyme production of all E. 
qergoviae strains and of 8 out of 10 E. taylorae strains was constitutive. Using 
the IEF the beta-lactamases of the E. taylorae strains with a detectable enzyme 
focused at a pi of 8.47 or higher. Only in four E. ammgenus strains a beta-lac­
tamase was detectable using the IEF: the pi were 8.68, 8.35 (twice) and 6.85. 
The latter isolate produced in addition a relatively hight amount of beta-lacta­
mase. Therefore, it is likely that the beta-lactamase production in this strain 
is plasmid mediated. 
DISCUSSION 
Although of each species a relatively low number of strains was tested, the data 
in this study suggest that E. gerqoviae was the most susceptible species, fol-
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lowed by E. sakazakii and E. amnigenus. Most strains of the other species were 
resistant to three or more beta-lactam antibiotics tested, E. agglomerans excep-
ted. Five (500n) of the E. agglomerans strains tested were susceptible to almost 
all antibiotics, the other strains resistant to four or more compounds. 
In E. gergoviae, a beta-lactamase was only detectable in those strains resistant 
to 3 and 4 antibiotics, respectively. In the other susceptible strains, no beta-
lactamase was detectable, the enzyme production was in addition relatively low. 
In E. ammgenus the relation between enzyme production or detection and antibio-
tic susceptibility was less clear. All strains were resistant to cephalothin but 
only in four strains a beta-lactamase was detectable. Moreover, one strain, re-
sistant to almost all compounds, produced a relatively high amount of beta-lac-
tamase but the enzyme was not detectable by IEF, whereas also in the nitrocefin 
disc test only a weak reaction was observed. Also in some E. taylorae strains 
tested there was some discrepancy between the resistance pattern and the detec-
tion of a beta-lactamase using the IEF. It might be that the resistance in these 
strains is due to another mechanism than beta-lactamase production. Another pos-
sibility might be that the beta-lactamases could not penetrate into the Poly-
acrylamide gel due to a very high molecular weight. A situation described for 
Legionella dumoffn and L. longbeachae (4). 
All E. sakazakii strains tested were as shown previously susceptible to ampicil-
lin but resistant to cephalothin (B). 
The positive beta-lactamase test found in almost all strains must therefore be 
due to the production of a beta-lactamase which hydrolyzed at least cephalothin 
but not ampicillin. Further analysis of the substrate profile confirmed this 
hypothesis. All enzymes showed a distinct inactivation of cephalothin, whereas 
no effect on ampicillin was found. A slight inactivation was observed with cefo-
taxime, ceftriaxone, cefoxitin and cefuroxime. Despite the variations in the pi 
of the E. sakazakii beta-lactamases tested, no distinct difference in substrate 
profile was observed. The data presented here, i.e. the substrate profile, the 
constitutive enzyme production and the pi value suggest that the E. sakazakii 
beta-lactamases form a group of enzymes not described so far (6). In most 
strains of the species tested the beta-lactamase production was constitutive, 
except in E. cloacae and E. aerogenes. These results were in agreement with the 
presence of an inducible enzyme in the two species, as described earlier. In 
some strains the constitutive enzyme production might be due to the presence of 
a plasmid mediated enzyme. The relatively high amount of beta-lactamase produced 
and the resistance to piperacillin (MIC^12B mg/1) argue in favour of the pro-
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duction of a plasmid mediated enzyme. However, the relatively high pi values 
found in most strains tested and the constitutive enzyme production suggest that 
the beta-lactamases of the Enterobacter strains tested, including those of E. 
sakazaku from either a new group of plasmid mediated beta-lactamases, or, more 
likely, are constitutive chromosomally mediated. The constitutive enzyme produc­
tion found in some strains tested might be due to the presence of a plasmid me­
diated enzyme. Although in this study in general a relation was found between 
resistance to the beta-lactam antibiotics and the beta-lactamase production more 
work has to be done to characterize the different beta-lactamases in Enterobac­
ter species. 
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* only values >32 mq/1 are mentioned 
1 f ind = specific ac t i v i t y with/without induction 
2 ND = not detectable 
^ nd = not done 
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Chapter XI 
NEONATALE KENINGITIS: IS DE COMBINATIE AMPICILLINE-GENTAMICINE ACHTERHAALD? 
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SAMENVATTING 
Het verloop van een E. coli-meninqitis bij twee patiënten die met latamoxef 
(moxalactam) en ampicilline zijn behandeld, wordt beschreven. N.a.v. de teleur-
stellende resultaten wordt de evt. plaats van latamoxef bij de behandeling van 
neonatale Gram-negatieve meningitis besproken. 
ABSTRACT 
The course of E. coli-meninqitis in two infants, treated with latamoxef (moxa-
lactam) in combination with ampicillin is described. Because of the disappoin-
ting results the potential value of latamoxef for therapy of Gram-negative ente-
ric meningitis of infancy is discussed. 
INLEIDING 
De resultaten van de behandeling van neonatale meningitis door gram-negatieve 
staven zijn teleurstellend: de mortaliteit is hoog, terwijl ernstige restver-
schijnselen vaak voorkomen. Er wordt meestal begonnen met een combinatie van 
ampicilline en gentamicine (of kanamycine).1 Hoewel er ook een voorkeur voor 
chlooranfenicol is uitgesproken2 wordt dit middel door anderen ontraden, omdat 
het op coli-forme bacteriën in het algemeen niet bactericide, maar bacteriosta-
tisch werkt en de klinische resultaten van een behandeling met chlooramfenicol 
teleurstellend zijn.'»^ Ampicilline steriliseert liquor met Gram-positieve 
bacteriën meestal binnen één dag maar bij coli-forme bacteriën duurt het gemid-
deld 3,5 dag voor de kweken negatief zijn.5»6 oe oorzaak van dit verschil is 
onbekend; zowel verschillen in virulentie als gastheerfactoren werden hiervoor 
verantwoordelijk gesteld, maar de meeste aandacht trok de waarneming dat de con-
centratie van ampicilline in de liquor bij een dosering van 100-200 mg/kg/dag 
aanzienlijk hoger is dan de minimaal remmende concentratie voor Gram-positieve 
soorten, terwijl ze nauwelijks hoger is dan die voor coliformen.^ Het leek waar-
schijnlijk dat een snelle sterilisatie van de liquor de prognose van Gram-nega-
tieve meningitis zou kunnen verbeteren. Een van de middelen die hiervoor in aan-
merking kwam was latamoxef (moxalactam): dit antibioticum was niet alleen in 
vitro zeer werkzaam tegen coli-achtigen, maar penetreerde ook zo goed in de li-
quor, dat de minimale remmende concentratie voor Enterobacteriaceae vele malen 
overschreden werd.8»^ Q Q ^
 w a 3 de liquor van proefdieren met coliforme meningi-
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tis onder latamoxef eerder steriel dan met атрісіІІіпе.Ю Omdat de resultaten 
bij Gram-negatieve meningitis in open studies bij de mens veelbelovend waren,11, 
12 werden twee patiënten, bij wie deze diagnose gesteld werd, met ampicilline en 
latamoxef behandeld volgens het aanbevolen doseringsschema." Vitamine К supple­
tie (0,5-1 mg/dag i.m. of evt. oraal) is tijdens behandeling met latamoxef ter 
voorkoming van hypoprotrombinemie wenselijk. 
ZIEKTEGESCHIEDENISSEN 
Patiënt 1: (2080 g) werd in stuitligging geboren na een zwangerschapsduur van 35 
weken. De vliezen waren 3 weken eerder gebroken; er waren geen tekenen van 
infectie bij de moeder en de cervixkweek was negatief. Op de eerste levensdag 
ontstond het klinisch beeld van een sepsis. Behandeling geschiedde met cefuroxi-
me (2 dd 75 mg) en gentamicine (2 dd 5 mg) i.v. Uit het bloed werd E. coli 
gekweekt, die gevoelig was voor beide antibiotica; een liquorpunctie mislukte. 
Toen convulsies optraden werd het kind overgeplaatst naar ons ziekenhuis. Wij 
zagen een ziek, prikkelbaar kind; de fontanel bombeerde niet. De reeds ingestel-
de antibiotische en anticonvulsieve behandeling werd voortgezet; geleidelijk 
trad klinisch herstel op en 17 dagen later werd de antibiotische behandeling 
gestaakt. Drie dagen nadien werd de jongen opnieuw ziek; nu was de fontanel dui-
delijk gespannen. De liquor was troebel en bevatte 1400/3 leukocyten; het eiwit-
gehalte in de liquor was verhoogd (6696 mg/l), de qlucoseconcentratie in de 
liquor was onmeetbaar laag, bij een concentratie in het bloed van 5,0 mmol/1. 
Het liquorsediment bevatte Gram-negatieve staven; uit zowel bloed als liquor 
werd E. coli gekweekt, die o.a. gevoelig was voor ampicilline en latamoxef. 
Behandeling geschiedde met ampicilline (4 dd 100 mg) en latamoxef (3 dd 120 mg). 
Twee dagen later was de liquor nog troebel, de kweek was nog positief en de glu-
coseconcentratie in de liquor bedroeg 0,6 mmol/1. Tien dagen na het begin van de 
therapie was de liquor schoon, en weer 10 dagen later werd de antibiotische 
therapie gestaakt. Het EEG was ernstig gestoord en de CT-scan toonde een supra-
tentoriële hydrocephalus. Het kind ontwikkelde zich nauwelijks; het klinisch 
beeld was dat van decerebratie. Op de leeftijd van 1,5 jaar werd hij dood aange-
troffen in het instituut waar hij werd verpleegd. 
Patiënt 2: (3600 g) werd thuis in hoofdligging geboren na een ongecompliceerde 
zwangerschap van ruim 3B weken. Op de leeftijd van 4 weken werd zij ziek; ze 
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dronk slecht, had dunne ontlasting, kreunde aF en toe en was koortsig. Op de 
vierde ziektedag trad een convulsie op en werd zij met spoed opgenomen. Wij 
zagen een zeer ziek, subcomateus, hypotoon kind met een slechte perifere circu-
latie. De fontanel was bol. Er bestond een ernstige metabole acidóse (pH 6,75; 
base excess - 25,1 mmol/1). De liquor was troebel en bevatte 52800/3 leukocyten, 
de glucoseconcentratie in de liquor bedroeg 0,6 mmol/1, die in bloed 6,0 
mmol/1. In het directe preparaat werden Gram-negatieve staven gezien; er werd 
E. coli geïsoleerd, gevoelig voor o.m. ampicilline, latamoxef en chlooramfeni-
col. De bloedkweek was negatief. Er werd een antibiotische behandeling met ampi-
cilline (6 dd 300 mg) en latamoxef (6 dd 200 mg) ingesteld. De dag na opname 
traden opnieuw convulsies op. Vanaf de volgende dag was er sprake van een gelei-
delijk klinisch herstel. Uit de liquor werd op de vierde en de achtste dag na 
begin van de behandeling nog E. coli gekweekt, doch vanaf de 15e dag bleef de 
kweek negatief. In de daarop volgende periode trad ventriculomegalie op. Hypoto-
nie en abnormale oogbewegingen waren aanwezig. Ventriculitis werd vermoed; het 
eiwitgehalte in de liquor nam toe van 1812 mg/ml bij opname tot 4080 mg/ml na 3 
weken. Het antibiotisch regime werd toen gewijzigd in chlooramfenico1 (4 dd 100 
mg), dat gedurende 4 weken werd gegeven. Het EEG toonde daarna geen afwijkingen; 
de CT-scan liet een supratentori'èle hydrocephalus zien. Er ontwikkelde zich een 
psychomotore retardatie. Op de leeftijd van 16 maanden paste de ontwikkeling bij 
de leeftijd van 9 maanden. 
De bacterieconcentraties van de bij beide patiënten gekweekte E. coli-stammen 
zijn, na incubatie in bouillon met verschillende latamoxefconcentraties, geme-
ten. De invloed van de latamoxefconcentratie op de bacterieconcentratie zou een 
beter criterium voor de bruikbaarheid van dit middel bij de therapie van een 
Gram-negatieve meningitis zijn dan de uitkomst van de gebruikelijke gevoelig-
heidsbepaling.^ Zoals in figuur 1 te zien is dalen de concentraties van beide 
stammen ongeveer duizendvoudig als de latamoxefconcentratie verhoogd wordt van 
de minimale remmende concentratie tot 16 χ deze waarde. Volgens deze publika-
t i e ^ zijn beide stammen dan in vivo gevoelig voor latamoxef. 
DISCUSSIE 
De E. coli sepsis, die bij de eerste patiënt op dag 1 ontstond leek adequaat be-
handeld. Het geïsoleerde micro-organisme was in vitro gevoelig voor de gebruikte 
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antibiotica. Enkele dagen na het staken hiervan werd een Gram-negatieve meningi-
tis gediagnostiseerd, waarvoor de patiënt met ampicilline en latamoxef werd be-
handeld. De gekweekte coli-stam was voor beide antibiotica gevoelig. Hoewel de 
liquor uiteindelijk steriel werd, was het kind vrijwel gedecerebreerd en is 
later overleden. 
De ziekte van de tweede patiënt begon subacuut. Ook hier werd uit de liquor E. 
coli gekweekt, gevoelig voor ampicilline en latamoxef. Na 7 dagen behandeling 
kon E. coli nog steeds uit de liquor gekweekt worden. Hoewel het aantal leukocy-
ten en het glucosegehalte van de liquor geleidelijk normaal werd, steeg de 
eiwitconcentratie en was de derde ventrikel vergroot. Er werd toen een korte 
kuur met chlooramfenicol gegeven tot vaststond, dat er geen abces was ontstaan. 
Bij onderzoek, een jaar na ontslag, was het kind psychomotorisch geretardeerd. 
Het criterium waarbij de daling van de bacterieconcentratie bij verhoging van de 
latamoxefconcentratie een maat voor de gevoeligheid is, was gebaseerd op de 
resultaten die met slechts zes stammen verkregen waren en werd niet verder 
getoetst.1^ De juistheid van het criterium wordt door onze resultaten niet 
bevestigd: beide stammen waren gevoelig. 
Gezien deze onverwacht slechte resultaten (een vrijwel gedecerebreerd kind 
resp. een trage bacteriologische genezing) keken wij met veel belangstelling uit 
naar de resultaten van een prospectief, vergelijkend onderzoek tussen ampicilli-
ne en latamoxef versus ampicilline en amikacine bij neonatale coliforme meningi-
tis. " De mortaliteit in beide groepen was niet significant verschillend (resp. 
23 en 15%), evenmin als de morbiditeit. Het duurde in beide situaties ongeveer 3 
dagen voor de liquor steriel was. De combinatie ampicilline-gentamicine is dus 
nog steeds een goede keuze om de behandeling van een pasgeborene met meningitis 
door Gram-negatieve staven te beginnen. Hierbij dient te worden geadviseerd om 
de concentratie van gentamicine in het serum te controleren om een optimale en 
niet toxische dosering te waarborgen.16^17 Latamoxef vormt uitsluitend een 
alternatief, waarbij wordt opgemerkt dat dit antibioticum niet tegen Streptokok-
ken, zoals hemolytische Streptokokken van groep B, en Listeria monocytogenes 
werkzaam is, zodat het ongeschikt is als mono-therapie bij een neonatale menin-
gitis met onbekende verwekker. In een dergelijk geval kan een combinatie met 
ampicilline zinvol zijn. 6-lactam antibiotica, zoals latamoxef of cefotaxime 
verdienen echter wel de voorkeur, als resistente Enterobacteriaceae als verwek-
ker verwacht kunnen worden (antibioticagebruik in de anamnese of resistente 
stammen in de omgeving). Als Pseudomonas aeruginosa waarschijnlijk is, of al is 
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aangetoond, overwege men ceftazidime, al of niet in combinatie met een aminogly-
coside. ° Ceftazidime heeft van de genoemde Q-lactam antibiotica het breedste 
spectrum in het Gram-negatieve gebied met inbegrip van Pseudomonas aeruginosa en 
veel multi-resistente Gram-negatieve staven. Het is niet duidelijk of 'sterkere' 
antibiotica de prognose van een Gram-negatieve meningitis kunnen verbeteren, 
enerzijds stellen de resultaten van latamoxef teleur, anderzijds is het niet 
uitgesloten dat andere antibiotica de liquor wel snel steriel kunnen maken. 
Alleen de resultaten van een prospectief klinisch vergelijkend onderzoek met 
voldoende patiënten zullen hierover uitsluitsel kunnen geven. Zolang nog niet 
voldoende resultaten van behandeling met deze cefalosporines, waaronder ceftazi-
dime, ter beschikking zijn, ís ampicilline en gentamicine in de meeste gevallen 
nog steeds een bruikbare combinatie om de behandeling mee te starten. 
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Fig.I. Invloed van de latamoxefconcentratie op de concentratie van de Ζ. coli 
stam, die resp. bij patiënt 1 (links) en 2 (rechts) gekweekt werd, gemeten na 6 
uur incubatie in Mueller-Hinton bouillon. Inoculum 4 χ IO6 bacteriën, althans 
kolonie-vormende eenheden (CFU)/ml. De latamoxefconcentratie is uitgedrukt in 
veelvouden van de minimale remmende concentratie (MIC) voor de betreffende 
bacteriestam (0,3 mg/l voor beide stammen). De bacterieconcentratie, die met een 
latamoxefconcentratie gelijk aan de MIC correspondeert (in figuur aangegeven als 
3 χ 105) lag tussen 3 χ 1θ5 en 4 χ 10 6 CFU/ml. 
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Chapter XII 
MICROBIOLOGICAL QUALITY OF POWDERED BREAST-MILK 
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Enterobacteriaceae were cultured from 52.5% of 141 milk substitute infant formu-
las, which were obtained in 35 countries. The concentration did not exceed a 
level of 1 cfu/g in any product. The species which were isolated most frequently 
were E. amniqenus, E. cloacae, E. sakazakii, and K. pneumoniae. Milk powders 
without Enterobacteriaceae might offer an extra protection to the newborn if 
some multiplication during the preparation or storage of the food should occur. 
Enterobacter sakazakii can be a cause of neonatal meningitis and sepsis. The 
source and mode of transmission of this organism is unknown. A mode of transmis-
sion other than passage through the birth canal has been likely at least for 
some patients who were delivered by cesarían section or were found not to be 
colonized after delivery (14, 23). This in clinical laboratories rarely seen 
microorganism has been isolated several times from prepared formula in a hospi-
tal kitchen during an outbreak. Although it was not cultured from the formula 
powder itself this might have been due to an unequal distribution in the powder 
or its presence in such a small concentration that it escaped detection by the 
conventional methods. To test this supposition relative large amounts of powder-
ed breast-milk substitutes from various countries were analysed for the presence 
of Enterobacteriaceae. 
MATERIALS AND METHODS 
Sampling. People engaged in the University of Nijmegen or in a few companies 
trading to foreign countries were asked to buy two or three different powdered 
breast-milk substitutes in a store or pharmacy abroad. The other products were 
bought, some received as a gift, by colleagues abroad who had asked members of 
our department for reprints in the past. Only in a few cases (all hungarian, Is-
raeli, and some Japanese samples) the products were supplied by the producing 
company. The countries and the corresponding number of specimens tested were as 
follows: Argentina (5), Australia (3), Autriche (1), Belgium (7), Brazil (2), 
Canada (6), Chile (4), China (1), Czechoslovakia (5), Denmark (3), Finland (1), 
France (2), Federal Republic of Germany (FRG) (8), Gabon (4), German Democratic 
Republic (GDR) (6), Hungary (8), Ireland (4), India (5), Israel (1), Italy (4), 
Japan (8), The Netherlands (19), New Zealand (1), Norway (2), Poland (1), Portu-
gal (3), Soviet Union (3), Spain (2), Switzerland (2), Tunesia (2), Turkey (2), 
Uruguay (1), United Kingdom (2), United States (12), and Yugoslavia (1). 
Sample analysis» Decontamination. The lid margins of the tins and spoons used 
for the drawing of the samples were flamed with ethanol. The surfaces of the 
- Ill -
other packages were desinfected with ethanol before the samples of the milk pow­
ders were withdrawn. 
Enumeration of Enterobacteriaceae. 900 ml, 90ml, and 9 ml of buffered peptone 
water, pH 7.2 (catalog no. CM509; Oxoid Ltd., London, England) were added slowly 
at a temperature of 45*0 to respective amounts of 100 g, 10 g, and 1 g of milk 
powder in glass containers which were swirled constantly. All tests were perfor­
med in triple (or 5-fold if the amount of material allowed it). If the content 
of a package was not sufficient, the quantities were proportionally smaller. The 
glass containers were incubated in a waterbath at A5*C during 5 minutes to dis­
solve the powder. After overnight incubation at 36*C 10 ml of the culture was 
withdrawn from each flask and added to 90 ml of ЕЕ broth (Buffered glucose -
Brilliant Green - bile broth, catalog no. CM317, Oxoid). After overnight incuba­
tion 1 ml of the broth was mixed with 20 ml of fluid violet red bile glucose 
agar (catalog no. CM485, Oxoid) in a 9 cm petri disk in duplicate. After solidi­
fying of the agar the cultures were incubated overnight at 36*C. Growth on the 
agar was subcultured on sheep-blood agar and eosin methylene-blue agar ace. to 
Levine (catalog, no 1342; E. Merck, Darmstadt, F.R. Germany). The concentration 
of Enterobacteriaceae was estimated by the most probable number technique. The 
strains were identified with the API 20E system (API System S.A., La Balme les 
Grottes, France). Some additional tests were used to identfiy E. sakazakii: the 
production of yellow pigmented colonies on nutrient agar (catalog no. 0001, Dif-
co Laboratories, Detroit, Mich.) after 48 h at 25*C, the production of extracel­
lular DNase on toluidine blue agar after 6 days at 36*C, and a positive a-gluco-
sidase reaction after 4 h (24). 
RESULTS 
141 Different powdered breast-milk substitutes, which were obtained in 35 coun­
tries, were examined for the presence of Enterobacteriaceae. These organisms 
were cultured from 52.5% of the products, originating from 28 countries (Table 
I). The species, which were isolated most frequently and the number of isolates 
were as follows: E. aqglomerans (35), E. cloacae (30), E. sakazakii (20), and 
K. pneumoniae (13). The remaining 31 strains belonged to 14 other species, in­
cluding С. freund! (5), E. coli (4), К. oxytoca (4), С. diversus (3), and H. 
alvei (1). E. sakazakii was cultured from products available in Australia, 
Belgium, Canada, Denmark, France, F.R.G., G.D.R., India, The Netherlands, New 
Zealand, the Soviet Union, Uruguay, and the United States. The concentration of 
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78% of the species was 1 cfu/100 g or less. The highest concentration observed 
was 91.78 cfu/100 g (E. cloacae). The concentration of Enterobactenaceae did 
not exceed a level of 1 cfu/gram in any product tested. 
DISCUSSION 
E. sakazaku was cultured from powdered breast-milk substitutes available in 13 
countries worldwide. It was only third in frequency to E. aqqlomerans and E. 
cloacae. Farmer and co-workers mentioned already in their first publication 
about E. sakzaku in 1980 that one of the original isolates from the National 
Collection of Type Cultures had been from a previously unopened can of dried 
milk (5). It has also been reported that four strains of E. sakazaku were cul-
tured from powdered milk, and two strains from powdered infant formula in Cze-
choslovakia (15). 
The concentrations of Enterobactenaceae, including E. sakazaku did not exceed 
a level of 1 cfu/gram in the products tested. In a large U.S. survey including 
milk substitute infant formulas the mean value for coliform organisms was < 3/g 
(18). The Food and Agriculture Organization of the World Health Organization has 
recommended bacterial counts for coliform organisms in good quality powdered 
infant formulas of less than 3 cfu/g. So all formulas tested came up to this 
requirement. Most species isolated from the powdered breast-milk substitutes 
have also been mentioned as causes of bacterial meningitis (6). These reports 
include E. aqqlomerans (1, 4), E. cloacae (16), E. sakazaku (5, 13, 14, 23), 
K. pneumoniae (10), Citrobacter spp. (7, 8, 9, 17, 19, 20, 22), E. coll (4), and 
H. alvei (12). Salmonella spp., which can be a cause of outbreaks associated 
with milk products (2, 3, 11, 21) were not isolated. 
It is not known if the presence of Enterobactenaceae in prepared formula in the 
low concentrations determined in this study, can be associated with occasional 
cases of neonatal meningitis. However milk powders without Enterobactenaceae 
might offer an extra protection to the newborn and especially to the premature 
baby if some multiplication during the preparation or storage of the milk food 
should occur. No neonatal meningitis due to E. sakazaku has been observed in 
the hospital where the outbreak occurred (14) since the exchange of powdered in-
fant formula by fluid breast milk substitutes 6 years ago. 
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 Yersinia intermedia; b Enterobacter intermedium; c Escherichia coli; d Citro 
bacter Freundii; e Citrobacter diversus; f Enterobacter amnigenus; 9 Escherichia 
hermannii; l"1 Buttiauxella agrestis; i Klebsiella oxytoca; j Hafnia alvei; к Es­
cherichia adecarbo-xylata; 1 Cedecea sp.; ro Serratia plymuthica; n Rahnella aqua-
tilis; 0 Escherichia vulneris; Ρ Yersinia fredericksenii. 
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In 1981 werd kort na elkaar bij een meisje en een jongen van een enkele dagen 
oude tweeling die na een zwangerschapsduur van 32 weken geboren was een meningi-
tis vastgesteld, veroorzaakt door E. sakazakii, in Nederland een onbekende ver-
wekker van deze aandoening bij pasgeborenen. Er zijn dan slechts enkele geïso-
leerde gevallen van deze ziekte bekend en wel uit Groot Brittani'é, Denemarken en 
de Verenigde Staten. Hoewel de korte symptoom-vrije periode (3 en 4 dagen) en de 
aanwezigheid van voortijdig gebroken vliezen bij de moeder (6 dagen voor de 
bevalling) zouden kunnen passen bij een opstijgende infectie, kon de bacterie-
soort niet gekweekt worden bij beide kinderen op hun eerste levensdag (neus, 
oor, navel, huid, anus), noch bij de moeder (cervix, vagina, faeces) 4 weken na 
de bevalling. 
De bron van de infectie bleef onbekend hoewel er van de binnenkant van één van 
de couveuzes op de 5e dag post partum een Enterobacter-stam met hetzelfde gevoe-
ligheidspatroon als de uit de liquor geïsoleerde E. sakazakii gekweekt werd. 
Na een behandeling met de combinatie ampicilline en gentamicine van resp. 4 en 6 
dagen overleden beide patiënten. De minimale remmende en bactericide concentra-
ties van ampicilline en gentamicine waren voor beide stammen relatief laag. 
Hoofdstuk III 
N.a.v. de twee in hoofdstuk II beschreven patiënten werd onderzocht of E. saka-
zakii als verwekker van meningitis in Nederland al vaker is voorgekomen maar 
niet als geel-gepigmenteerde E. cloacae herkend werd. Hiertoe werden onder meer 
de Enterobacter-isolaties uit de stammencollectie van het Laboratorium voor de 
Gezondheidsleer in Amsterdam opnieuw gedetermineerd. De meeste stammen die uit 
liquor in Nederland geïsoleerd zijn worden in deze collectie opgenomen. Er kon-
den nog eens 6 E. sakazakii stammen, gekweekt uit de liquor van pasgeborenen, 
die aan de gevolgen van een dergelijke ziekte overleden waren, worden achter-
haald. Het geboortegewicht van 6 van de nu in totaal θ patiënten bedroeg minder 
dan 2500 g. Dit komt overeen met de waarneming dat neonatale meningitis vooral 
bij kinderen met een laag gewicht voorkomt. 
De symptoom-vrije periode was 3-9 dagen (gemiddeld 5 dagen). Bij twee patiënten 
ontstond gelijktijdig een necrotiserende enterocolitis. Ondanks de ingestelde 
antibiotische therapie (meestal de combinatie ampicilline met gentamicine) over 
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leden 6 van de θ patiënten. De minimale remmende concentratie (MIC) van ampicil-
line was 2-8 mg/l en van gentamicine 0,25-0,5 mg/l voor de gekweekte stammen. De 
MIC van cefotaxime en moxalactam was beduidend lager dan die van ampicilline. 
Een opstijgende infectie was onwaarschijnlijk voor de twee patiënten die met een 
sectio geboren werden. De ene patiënt werd 45 min. nadat de vliezen gebroken wa-
ren geboren, de sectio bij de andere patiënt werd bij staande vliezen verricht. 
Ook Urmenyi en White Franklin beschrijven in de eerste publicatie over meningi-
tis t.g.v. E. sakazakii (Lancet i: 313-315, 1961) een meisje, de tweede (2003 g) 
van een tweeling die via een spoed sectio vanwege een placenta previa, werd ge-
boren. Opmerkelijk hierbij is ook dat de eerstgeborene, een jongen met een veel 
lager geboortegewicht (1200 g) zich voorspoedig ontwikkelde. De 4 patiënten 
waarbij kort na de geboorte kweken werden afgenomen van o.m. oor en navel waren 
niet gekoloniseerd met E. sakazakii. Dit pleit ook tegen het geboortekanaal als 
bron. 
Opvallend was dat 5 van de 8 patiënten in hetzelfde ziekenhuis geboren waren in 
een periode van 4 jaar. E. sakazakii werd in dat ziekenhuis gekweekt uit klaar-
gemaakte melkvoeding (het poeder zelf en het water waren negatief), een vaat-
kwast en een garde. Op basis van verschillen in plasmide-typering werd geconclu-
deerd dat deze stammen de infecties niet veroorzaakt hadden. 
Hoofdstuk IV 
Het klinische verloop van de infecties door E. sakazakii was i.h.a. teleurstel-
lend; ondanks een hoog gedoseerde antimicrobiële therapie stierven de meeste 
patiënten. Naast een verminderde afweer van de pasgeborene en vooral het prema-
ture kind tegen infecties, zouden ook virulentiefactoren van het microorganisme 
een rol kunnen spelen. Als voorbeeld werd de invasiviteit in VERO-cellen van 8 
Enterobacter зрр. vergeleken. De stammen waren afkomstig van patiënten met of 
zonder infecties, of van niet klinisch materiaal. Er werden geen belangrijke 
verschillen gevonden in invasiviteit tussen E. sakazakii stammen die afkomstig 
waren uit bloed, liquor, sputum, tractus digestivus, urine, melk of een zieken-
huisbed. De invasiviteit van een S. typhimurium stam die als positieve contrôle 
werd gebruikt was 36 χ groter dan de waarde die voor de meest invasieve E. saka­
zakii stam werd gevonden. 
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Hoofdstuk V 
E. sakazakii onderscheidt zich van E. cloacae door de vorming van een geel pig­
ment (2 d.) en de productie van DNase (7 d.). Een snellere identificatie (4 h) 
zou mogelijk zijn als E. sakazakii zich door een bepaalde enzymactiviteit van 
andere Enterobactersoorten zou onderscheiden. Om dit na te gaan werd met behulp 
van het API ZYM-systeem onderzocht welke van de 19 substraten door E. sakazakii, 
E. cloacae, E. aerogenes en E. agglomerans omgezet konden worden, α-Glucosidase 
activiteit werd bij alle E. sakazakii stammen aangetoond, maar ontbrak bij de 
overige geteste Enterobacter stammen. Met een ander afzonderlijke α-glucosidase 
test (Rosco) werden dezelfde resultaten verkregen. 
Phosphoamidase activiteit was bij 72% van de E. cloacae isolaties aantoonbaar, 
maar ontbrak bij alle E. sakazakii stammen. De reproduceerbaarheid van de α-glu­
cosidase reactie werd geschat op 89?ί, van de Phosphoamidase reactie op 91%. 
Hoofdstuk VI 
Omdat niet alle E. sakazakii stammen uit onze collectie met gele kolonies groei­
den en er geen gegevens voorhanden waren over de α-glucosidase reactie, en DNase 
reactie na meer dan 48 u. van E. amnigenus, E. asburiae, E. dissolvens, E. ger-
goviae, E. intermedium, E. nimipressuralis en E. taylorae werden deze eigen­
schappen getest. Tabletten, schijfjes, agar en filtreerpapier met een chromogeen 
(p-nitrophenyl-a-D-glucopyranoside) of fluorogeen (4-methylumbelliferyl-ot-D-glu-
coside) substraat werden gebruikt om de α-glucosidase activiteit van overnacht 
cultures op Mueller-Hinton agar (BBL) te onderzoeken. 
Ongeveer 95% van de E. sakazakii stammen groeiden met gele kolonies op tryptica-
se soy agar of nutrient agar (2 d. bij 25*C). Soms waren één of meer overentin-
gen van stammen uit onze collectie nodig om het gele pigment weer tevoorschijn 
te roepen. Alle E. sakazakii stammen, maar vrijwel geen andere Enterobacters 
vertoonden een positieve DNase reactie op toluidine blauw agar na 6 dagen groei 
bij 36"C. Uitsluitend E. sakazakii en de meeste E. intermedium stammen vertoon-
den een positieve α-glucosidase reactie na 4 uur. Een eenvoudige manier om E. 
sakazakii van andere Enterobacter soorten uit humaan klinisch materiaal te 
onderscheiden is het leggen van een filtreerpapierschijfje met chromogeen sub­
straat op een overnacht geïncubeerde gevoeligheidsbepaling op Mueller-Hinton 




De α-glucosidase activiteit van isolaties die tot 39 Gram-negatieve bacterie-
soorten hoorden werd bepaald met een chromogeen substraat in fys. zoutoplossing 
(Rosco) na een overnacht groei op Mueller-Hinton agar, BBL. Een meerderheid van 
de P. penneri, P. vulgaris en Serratia stammen vertoonden een positieve reactie 
na 4 u. De resultaten die met Yersinia stammen verkregen werden, waren afhanke­
lijk van het medium, de temperatuur en de duur van de eerste incubatie. Het ver­
dient aanbeveling om de genoemde omstandigheden te standaardiseren of gebruik te 
maken van een chemisch gedefinieerd medium. 
Hoofdstuk VIII 
De glycosidase activiteiten van Enterobacter soorten na groei op een chemisch 
gedefinieerd medium'worden in dit hoofdstuk beschreven. Enkele enzymen waarbij 
£ï-galacto3idase, α -glucosidase, ß-glucuronidase en ß-xylosidase zouden de ge-
bruikelijke biochemische reacties voor de identificatie van Enterobacter soorten 
kunnen aanvullen. Het verdient aanbeveling om de incubatieperiode, waarna de 
reactie wordt afgelezen, zorgvuldig te kiezen om een optimale scheiding tussen 
de soorten te krijgen. 
Hoofdstuk IX 
De minimale remmende concentraties (MIC's) van 29 antimicrobiële middelen werden 
d.m.v. een agar verdunningsmethode en een multipoint inoculator (inoculum ICP 
CFU/spot) ten aanzien van E. aerogenes, E. agqlomerans, E. amnigenus, E. cloa-
cae, E. qerqoviae, E. intermedimi, E. sakazakii en E. taylorae bepaald. E. saka-
zakii was de meest gevoelige soort. Het is mogelijk dit gegeven te gebruiken 
voor het snel uitsluiten van E. sakazakii in het laboratorium. Alle 195 geteste 
E. sakazakii stammen werden geremd door een concentratie van θ mg/l ampicilline. 
Deze concentratie komt overeen met het breekpunt dat gevoelige en matig gevoeli­
ge stammen in de NCCLS disc diffusie test scheidt. Resistentie tegen ampicilli­
ne, bepaald volgens deze methode, sluit E. sakazakii uit. Het is niet mogelijk 
om de onderzochte antimicrobiële middelen in een selectief medium toe te passen, 
gezien de gevoeligheid van E. sakazakii voor deze stoffen. 
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Hoofdstuk Χ 
Het verband tussen de gevoeligheid voor verschillende beta-lactam antibiotica en 
de beta-lactamase productie werd onderzocht bij E. aerogenes, E. agglomerans, 
E. cloacae, E. amniqenus, E. gergoviae, E. intermedium, E. sakazakii en E^ tay-
lorae. E. gergoviae was de meest gevoelige soort, gevolgd door E. sakazakii en 
E. amnigenus. Slechts één E. gergoviae stam was resistent tegen ampicilline, 
cefaloridine en cefalotine, waarschijnlijk door een via een plasmide gecodeerd 
beta-lactamase. De geteste E. sakazakii stammen waren gevoelig voor ampicilline, 
maar resistent tegen cefalotine. De meeste stammen van laatstgenoemde soort pro-
duceerden een beta-lactamase met een iso-electrisch punt van 7.00 of hoger. 
Hoofdstuk XI 
Het verloop van een gram-negatieve meningitis bij twee patiënten, die met lata-
moxef (moxalactam) en ampicilline zijn behandeld, wordt beschreven. N.a.v. de 
teleurstellende resultaten wordt de evt. plaats van latamoxef bij de behandeling 
van neonatale Gram-negatieve meningitis besproken. De juistheid van een crite-
rium waarbij in vitro de daling van de bacterieconcentratie bij verhoging van de 
latamoxef concentratie wordt gemeten en dat een maat voor de gevoeligheid zou 
zijn, kon voor deze twee patiënten niet worden bevestigd. 
Hoofdstuk XII 
E. sakazakii kon wel uit de klaargemaakte melkvoeding, maar niet uit het melk-
poeder gekweekt worden in het ziekenhuis waar zich 5 van de θ infecties hebben 
voorgedaan. Het is mogelijk dat de kweek van het poeder negatief bleef, omdat de 
bacteriën ongelijk door het poeder verdeeld waren of in een erg lage concentra-
tie aanwezig waren. Om dat te onderzoeken werden 141 verschillende melkpoeders 
die als vervanging van moedermelk bedoeld waren, verzameld in 35 landen, en 
onderzocht op de aanwezigheid en de concentratie van Enterobacteriaceae. 52.5% 
van de producten, afkomstig uit 28 landen waren positief. De concentratie van de 
Enterobacteriaceae was in alle monsters lager dan 1 cfu/g. E. agglomerans werd 
het meest frequent uit de monsters (35) geïsoleerd, gevolgd door E. cloacae (30) 
en E. sakazakii (20). E. sakazakii werd gekweekt uit producten die verkrijgbaar 
waren in Australië, België, Canada, Denemarken, W. en 0. Duitsland, India, 
Nederland, Nieuw Zeeland, Sovjet Unie, Uruguay en de Verenigde Staten. Alle pro-
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ducten voldeden aan de eisen van de WHO (minder dan 3 cfu/g coli-achtige bacte-
riën). De meeste gekweekte bacteriesoorten zijn beschreven als verwekker van 
neonatale meningitis. Men kan zich afvragen of melkpoeders bestemd voor de voe-
ding van pasgeborenen en speciaal voor die van prematuren niet geheel vrij van 
deze bacteriën moet zijn. 
Als wordt aangenomen dat E.sakazakii en de andere gekweekte bacteriesoorten 
voortdurend in geringe hoeveelheden via de melkvoedingen aan zuigelingen worden 
toegediend wijst de concentratie van de meningitisgevallen in één ziekenhuis op 
de mogelijkheid dat de bacteriën zich tijdens de bereiding of bewaring zodanig 
hebben kunnen vermenigvuldigen dat een infectie is opgetreden, al zijn andere 
mogelijkheden van besmetting niet uitgesloten. Melkpoeder vrij van potentieel 
pathogène bacteriën, evt. kant-en-klaar voeding in vloeibare vorm in flesjes, 
kan in dit opzicht enige extra veiligheid geven. 
Er hebben zich geen nieuwe gevallen van meningitis t.g.v. E. sakazakii in het 
betreffende ziekenhuis voorgedaan nadat het melkpoeder 6 jaar geleden door een 
vloeibare melkvoeding vervangen is. 
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logische stage bij Dr. F. Jaarsveld in het laboratorium van de Provinciale 
Gezondheidsdienst voor Dieren in Boxtel. 
Vanaf 1 februari 1972 was hij in opleiding voor medisch microbioloog (destijds: 
laboratoriumarts, hoofdvak bacteriologie) in het Laboratorium voor Microbiologie 
van de Rijksuniversiteit in Utrecht (opleider: Prof.Dr. K.C. Winkler). Een stage 
bij Prof.Dr. R.P. Mouton, hoofd van het bacteriologisch laboratorium van het 
Stads- en Academisch Ziekenhuis in Utrecht maakte hiervan deel uit. Sinds 1 
maart 1974 werd de opleiding voltooid in het Instituut voor Medische Microbiolo­
gie van de Katholieke Universiteit (opleider: Prof.Dr. J. van der Veen). Na de 
inschrijving in het specialistenregister op 1 februari 1975 is hij als staflid 
verbonden aan deze afdeling. 
De auteur is lid van de Formularium Commissie en voorzitter van de Antibiotica 
Commissie en als zodanig mede verantwoordelijk voor een belangrijk deel van het 
antibiotica beleid binnen het Sint. Radboudziekenhuis. 
Hij is getrouwd met Coby van Rossum en vader van Evelien, Leo, Marian, Carla en 
Dirk. Sinds enkele jaren is hij een enthousiast circusbezoeker en fotograaf, en 
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Behorende bij het proefschrift 
KLINISCH MICROBIOLOGISCH ONDERZOEK VAN 
ENTEROBACTER SAKAZAKII 
In het openbaar te verdedigen 
op maandag IA- december 1987 
des namiddags te 13.30 uur precies 
door 
HENRI L. MUYTJENS 
STELLINGEN 
I 
De uitspraak3 dat microorganismen, die in de eerste levensweek een 
ernstige infectie bij de pasgeborene veroorzaken, afkomstig zijn uit 
geïnfecteerde amnionvloeistof of verkregen worden tijdens de passage 
door het geboortekanaal, geldt niet voor infecties veroorzaakt door 
Enterobacter sakazakii. 
a
 L.A. Glasgow en J.C. Overall Jr. in Nelson Textbook of Pediatrics 
p. 403, 1983. W.B. Saunders, Philadelphia 
II 
Een bacteriestam die volgens de NCCLS criteria, resistent is tegen 
ampicilline, is geen Enterobacter sakazakii. 
III 
Het is niet mogelijk om met de API 20 E strip Enterobacter sakazakii 
met zekerheid te identificeren. 
IV 
De uitspraak3, dat organismen behorende tot de Klebsielleae in glucose 
bevattende intraveneuse vloeistoffen bij kamertemperatuur kunnen 
groeien, geldt niet voor alle Enterobacter soorten. 
Maki, J. Infect. Dis. 131: 267, 1975 
ν 
Actinobacillus equuli kan een verwekker van endocarditis zijn. 
(eigen waarneming) 
VI 
De opvatting zoals verwoord in de bijsluitertekst van Polytnm oog­
druppels dat Streptococcus faecalis, Corynebactenum-, Salmonella-,en 
Shigella ssp. tot de bacteriën horen, die gewoonlijk ooginfecties ver-
oorzaken, is onjuist. 
VII 
De mogelijke tuberculostatische werking van thee gezet van hondsleer-
mos (Peltigera canina) is in vitro nog niet vastgesteld. 
VIII 
De electiviteit van het CCFA medium3 bestemd voor de isolatie van 
Clostridium difficile is te verhogen door de fructose in dit medium te 
vervangen door mannitol. 
a
 George W.L. et al, J. Clin. Microbiol. 9: 214-219. 
IX 
Het verstrekken van gemeentewege van gegevens uit het bevolkingsregis-
ter buiten de betrokkene om schaadt, tenzij het wettelijk verplicht 
is, de persoonlijke levenssfeer onnodig. 
χ 
Een voorziening om d.m.v. het teletekstsysteem ondertitels op het 
scherm van het televisietoestel onleesbaar te maken zou de mogelijk­
heid van de kijker om thuis een andere taal te leren in belangrijke 
mate kunnen vergroten. 
XI 
Het is redelijk als transplantatiepatienten tijdens hun ziekenhuisver-
blijf lucht eisen die vrij is van Aspergillus sporen. 
XII 
In tijden van bezuiniging overwege men onderzoek naar de mogelijkheid 
om de gaschromatograaf door een speurhond te vervangen. 
XIII 
Tegenstanders van dressuur in het circus, hebben de vrijheidsdressuur 
door Yasmin Smart niet gezien. 


